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PREFACE. 



This little treatise was commenced to supply a course bf 
Practical Cliemistry to my own classes. I was encouraged 
to proceed with it by finding that a want of a sufficiently 
elementary and explanatory Laboratory Text-book was very 
widely felt. 

It has been my aim throughout to give all necessary 
directions so fully and simply as to reduce to a niinimiiTn the 
amount of assistance required from a teacher. The language 
employed has been rendered simple and intelligible by avoid- 
ing the unnecessary use of scientific terms, and by explaining 
or paraphrasing in ordinary words any such terms when 
introduced for the first time. The directions how to work, 
and the descriptions of the preparation and use of apparatus, 
have been given more fully than is usual, since my own ex- 
perience, confirmed by that of other teachers, convinces me 
that one of the most serious hindrances to the utility of many 
of the smaller Text-books on Practical Chemistry is the too 
great conciseness of the language employed, which frequently 
renders it unintelligible to the student unless supplemented 
by very copious verbal explanation from the teacher. 

Whilst making the very desirable amplifications above 
referred to, the book has been kept within small dimensions, 
partly by the omission of all such higher instruction as is not 
required by a student of elementary chemistry, and partly 
by the insertion of the supplementary or merely explanatory 
portions in smaller type : the text has been supplemented by 
appendices containing matter suited to more advanced students. 
I have also thought it best to avoid entering into any 
lengthy theoretical explanations. The modem teaching of 
chemistry is in practice very appropriately OaNV&a^ \»X.q V«q 
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departments — namely, theoretical instruction imparted by 
lectures or by the study of text-books of theoretical chemistry, 
and practical instruction imparted in a chemical laboratory 
by working according to the directions of a practical text- 
book Since by this system the student has time and oppor- 
tunity afforded him for the study of the theoretical and 
descriptive portions of the science, it is as unnecessary as it 
is undesirable that his Practical Text-book should tempt him 
to bestow valuable time in the laboratory upon the study of 
matters of theoretical — not practical — importance. 

The analytical reactions and methods have been carefully 
worked through from the text by myself and by the mem- 
bers of my classes : the accuracy and intelligibility of their 
descriptions have thus, I hope, been secured; only those 
reactions and methods which are commonly employed for 
analytical purposes have been entered. I have naturally, in 
selecting analytical methods for an elementary treatise, felt 
it desirable that those chosen should be as simple and easy 
of execution as possible; in some cases, however, methods 
which are most eligible on these grounds have proved on 
trial to be so inferior in accuracy and delicacy, that they 
have been abandoned in favour of others which are recom- 
mended by their trustworthiness rather than by their sim- 
plicity. In such cases, however, I have also described the 
more simple methods, since they may be employed in 
analyses in which minute quantities of a substance have not 
to be tested for. The reactions given in an elementary text- 
book must necessarily be limited as to number, and I have 
felt it advisable to introduce such reactions as are useful in 
general analysis rather than those which claim to be merely 
interesting and instructive. 

The book has been divided into seven sections, the con- 
tents of which are fully stated on pages ix.-xv. The first 
six contain a good practical course for senior students ; this 
may however be modified to suit junior students, or those 
working with a special object, as is shown in the Introduc- 
tion. 

Tbib seventh section contains full lists of all apparatus. 
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reagents, and chemicals required in working through tlie 
different sections ; there is also added a list of general appa- 
ratus, with a description when necessary of its construction 
and use. In this section there will also bo found full and 
systematic descriptions of the most simple methods for pre- 
paring the different solutions required in analysis, with a 
statement of the strength most appropriate for each. Experi- 
ence has proved that these are matters which merit more 
attention than is usually bestowed upon them. The methods 
of preparing pure chemicals are omitted, since they may now 
be readily and cheaply purchased ; before using purchased 
chemicals their purity should, however, always be ascertained 
by the tests given in this section. 

Symbolic notation has been employed, instead of the 
full chemical names, throughout the sections on analytical 
chemistry : in its most concise form this chemical shorthand 
conduces so much to brevity in writing down results that no 
other plea is required for its use. The simple plan of label- 
ling each bottle in the laboratory with the chemical formula 
as well as the name of its contents, will prevent any difficulty 
arising from this general employment of chemical formulae. 

Special features in the book are the arrangement of all 
Tables across instead of along the pages ; the turning of the 
book is thus rendered unnecessary — a convenience which 
will be appreciated by all students of Practical Chemistry. 

The "Tables of Differences," which contain for each 
Analytical Group a summary of the differences of behaviour 
of its members with reagents, ate also special — being an 
extension of the system employed in Galloway's ** Manual of 
Qualitative Analysis." 

It is almosi superfluous to mention that free use has been 
made of the standard works of Fresenius and Eose : much 
valuable information has been introduced from these sources. 
I have also frequently adopted the very convenient tabular 
form of entering analytical methods which is employed in 
Valentin's " Text-book of Practical Chemistry," and with the 
author's permission have transcribed, with a few trivial altera- 
tions, the excellent Phosphate Table de\\«»ed \i^ \^tx\. "^1 
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acknowledgments are also due to Dr W. A. Tilden of Clifton 
College and to the Kev. T. N. Hutchinson of Rugby, and to 
many other teachers who have suggested valuable improve- 
ments. 

The book is especially intended to furnish a course of 
instruction in practical chemistry in the laboratories of our 
public and other schools. It will thus supply a demand 
which, is rapidly increasing, as the value of a sound elemen- 
tary instruction in practical science is becoming more widely 
appreciated, both as a means of mental training and as a pre- 
paration for the chemical and medical professions, as well as 
for many branches of manufacturing industry and enterprise. 
The fifth section has been inserted for the use of those who 
are preparing for practical examinations in which proficiency 
in the analysis of simple salts only is required of the candi- 
date. This is the standard fixed for the Preliminary 
Scientific (M.B.) Examination of the London University, and 
for the more elementary examinations conducted by the 
Oxford and Cambridge Universities, such as those for school 
certificates. 

The sixth section and appendices, however, contain addi- 
tional details suited for the analytical work of advanced 
students, and will be found sufficient to qualify a student for 
the higher University examinations in qualitative analytical 
chemistry. 



The present edition has been subjected to a careful revision, 
and the analysis of simple salts in Section V. has been recast 
in a more simple and systematic form. 



F. C. 



Nkwcastle-under-Lyme, January 1880. 
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PRACTICAL AND ANALYTICAL 

CHEMISTRY. 



INTEODUCTIOK 

Thb course of practical chemistry which should be pursued 
by a student depends partly upon his object in studying the 
science, and partly upon the time and means which he has to 
devote to the study. The first four sections and the sixth 
furnish a good general course for a senior student who wishes 
to obtain a training in practical and analytical chemistry; but 
for younger students, after completing the first three sections, 
the most suitable analytical course consists in trying through 
the reactions in Section lY., and as the reactions for each 
group are completed, testing several substances containing 
only one member of the group for the metal present by the 
table of differences. The analysis of simple substances by 
Section V. may then be worked through, and, after becoming 
familar with this, separations of the mixed members in each 
group are done, leeuling thus to Section YL The modification 
which should be made in the student's course to suit individual 
cases will, perhaps, be most readily understood by stating the 
objects of each Section in the book : — 

Sbotion L is adapted to impart experience in chemical 
manipulation, and to afford practical illustrations of 
the elementary portions of theoretical or descriptive 
chemistry; it may be omitted when instruction in 
analysis only is required. 
SsOTiON IL is indispensable, and must be carefully ^t^^^^ 

Ml 
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Section IIL is also indispensable to the student of ana- 
lytical chemistry, but if the time at his disposal is very 

. limitedy he may omit the performance of the experi- 
ments described in this Section, and merely read 
through the text 

Shjotion IV. must be carefully worked through. A 
student whose time is limited may, however, simply 
try the reactions and omit the performance of analyses 
at the end of each group. 

Section Y. is intended for students whose object is to 
learn only the analysis of simple salts, such as is 
required in many modem examinations on practical 
chemistry. 

This section may also be used as an easy beginning 
in analysis, and as an introduction to more complicated 
analyses to be made by Section YL, or it may be passed 
over by the student who is intending to learn general 
analysis. 

Section YL is not required by a student who is learning 
only the analysis of simple salts, but should be care- 
fully worked through by the student of general analysis, 
who may, after becoming thoroughly conversant with 
its contents, pass on to quantitative analysis, or to any 
special branch of practical chemistry he may require. 



SECTION I. 

EXPERIMENTS ILLUSTBATINa THE PRE- 
PARATION AND PROPERTIES OF GASES 

Introduetory remarka. — In this section foil directions are given for 
the preparation of fiye gases (viz., oxygen, hydrogen, carbon dioxide, 
ammonia, and carbon monoxide) and for certain interesting and in- 
stractive experiments which may be made with them. The processes 
of preparation and manipulation required for these gases are more or 
less typical of those employed for all other gases, and the student will 
therefore, from the experience obtained by performing the experiments 
with the above named gases, easily prepare and experiment upon the 
three other gases (nitric oxide, chlorine, and hydrochloric acid) by 
following the directions inserted in small print, and any other gas by 
the account given of it in a treatise on chemistry. Those gases which 
are in small type may be omitted in the practical course. Two 
examples of the process of distillation are also appended. 

The reference numbers enclosed in brackets refer to the paragraphs 
which commence with Section II. (p. 27) ; the numbers will be found 
in thick type in the text, and at the head of each page the numbers of 
the paragraphs are also placed in square brackets. 

A full list of the apparatus required for this section is given in par. 
494, and its use ia explained in pars. 1-10 and 14-19, a list of 
chemicals and certain other requisites will be found in par. 581. 

Note. — ^The student must carefully read through the whale descrip- 
tion of each experiment before beginning to perform it, and after its 
successful performance should enter a brief description of it in his 
note-book. 

I. OzTOEN OA8. — ^When iron is for some time exposed to 
moist air its surface becomes covered with rust ; many other 
metals undergo a similar change in moist air, but the altera- 
tion produced in their appearance is not usually so noticeable 
as in the case of iron. The liquid metal mercury does not 
rust as iron does in moist air, but it becomes slowly covered 
with red mercury-rust when strongly heated for some time in 
a flask open to the air; this mercury-rust has received the 
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name of mercaric oxide. The fact that metals become 
heavier by rusting proves that something is added dimng 
the process. 

Exp. 1. — Place in a clean and perfectly dry test-tube suffi- 
cient mercuric oxide to cover the bottom ; heat the powder 
(1, 19) as shown in fig. 1, loosely stopping the end of the 
tube with the thumb. As soon as small drops of mercury 

form on the sides of the tube, remove 
' ' the thumb and quickly place inside 

the top of the tube the burning end 
of a slip of wood (a.^., the uncoated 
end of a wooden lucifer match) ; the 
flame will be seen to burn more 
brightly. If, after again heating the 
powder for some time in the way just 
described, the slip be introduced into 
the mouth of the tube immediately 
after blowing out the flame and whilst 
there is a spark at its end, the glowing 
end will be caused to burst into flame. This behaviour with 
a burning or glowing slip of wood is one of the most remark- 
able properties of oxygen gas, and we frequently make use 
of this property as a ** test " for its presence. The chemical 
change which has occurred is thus represented by an equa- 
tion: — 

HgO = Hg + 0. 

Since by heat, then, we can separate from mercuric oxide 
mercury and oxygen, we learn that the process of rusting 
consists in the metal taking oxygen gas from the air, and the 
increase of weight above referred to is thus accounted for ; if 
all metal rusts could be decomposed by heat we might obtain 
oxygen from them just as from mercuric oxide. This method 
of making oxygen is interesting, since it was the first means 
known of preparing the gas ; it is never used nowadays to 
prepare large quantities of oxygen, since other substances are 
known which contain a larger proportion of oxygen, and give 
it off, when they are heated, more easily than mercuric oxide 
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does — substances which are also preferable on account of their 
greater cheapness. Potassium chlorate is most frequently 
employed : — 

KCIO3-KCI + O3. 

Exp. 2. — Place in a clean dry test-tube a little potassium 
chlorate, and heat it as in Exp. 1. The white salt, after " de- 
crepitating" or crackling, "fuses" or melts, and when further 
heated, appears to boil ; the small bubbles which are given ofif 
consist of oxygen gas, as may readily be proved by holding 
in the mouth of the test-tube a btuniDg or glowing splinter 
of wood as described in Exp. 1. 

Potassium chlorate gives off oxygen gas such more readily 
than does mercuric oxide; but if it is mixed with small 
quantities of certain other substances^ which themselves 
appear to undergo no change, its oxygen is driven off by beat 
with extreme facility ; of these substmcee^ manganic oxide 
or black oxide of manganese is the one nsoaUy chosen. 

Exp. 3. — ^Powder some potassium chlorate (about as much 
as would fill a watch glass) finely in a mortar, mix with it, 
by rubbing them together in the mortar, about one-fifth as 
much powdered manganic oxide, and heat a small quantity 
of the mixture in a test-tube ; the oxygen will begin to come 
off as soon as the mixture is heated, and a comparatively 
gentle heat will cause the gas to be rapidly evolved. 

In the preceding experiments the oxygen was detected in 
the tube in which it was prepared, and was allowed to pass 
away freely into the aii: When the gas has to be collected 
in a vessel unmixed with air, it is made to pass through a 
bent glass-tube (the delivery tube), which is fitted by means 
of a cork air-tight into the mouth of the test-tube ; the end 
of this tube dips into some water, and the bubbles of gas are 
allowed to rise into a vessel full of water and inverted over 
the end of the delivery tube. This process of " collecting " 
oxygen is fully described in the following experiment; in 
the performance of which two students may advantageously 
work together, one attending to the regulation of heat to the 
mixture, the other to filling the gas-jars. 
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Exp, i. — Select a sound cork, of such a size tliat, after 
having been softened hy being squeezed or by being rolled 
with gentle preesuie on the floor under the foot, it fits t^htly 
into the mouth of the test-tube to be employed. Then bend 
(6) a piece of hard glass tubing, about 14 inches in length, 
into the form shown in the %ure ; so adapting the bends bj 
trial that when the apparatus is fitted tc^ther the bottom of 




the test-tube maj be at a convenient hei^t in the flame, the 
end of the delivery tube at the same time dipping about a 
inch under water. Make a hole through the centre of the 
cork (8), of such a size that the glass tube fits tightly into it. 
Then test whether the apparatus is air-tight by fitting the 
glass tube into the cork, and the cork into the test^ube, and 
blowing down the open end of the delivery tube; no air 
must be heard to escape, or must ha seen to bubble out on 
moistening the cork ; if air does escape, a fresh cork must be 
taken. Now pour into the perfectly dry test-tube the oxygen 
mixture (see Exp. 3) off a piece of paper folded into a trough, 
or scoop up the mixture from the mortar with the mouth of 
the test-tube, until the tube is about one-third full, and fit in 
the cork tmd delivery tube. 

Before heating the tube fill the jar in which the oxygen is 
to be collected with wal«r, close it with a stopper or ground- 
glass plate or with the hand, invert its mouth in water threa or 
four inches in depth, contained in an earthenware pan or bow], 
and carefully remove the stopper or plate. If this operation 
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has been perfonned with proper precaution the jar will be 
entirely filled with water, and no air-bubble will remain. 
Next proceed to heat the upper part of the oxygen mixture, 
holding the tube in one hand and keeping the lamp slowly 
moving with the other hand, in order to prevent any part of 
ihe glass from being suddenly and strongly heated, which 
would be liable to crack it Oxygen gas will soon be evolved, 
but will not at once appear at the end of the delivery-tube, 
since it has first to drive out the air which filled the apparatus ; 
as soon as a slip of wood glowing at its end is kindled when 
held at the mouth of the delivery-tube, the oxygen has driven 
out the air and is beginning to escape ; the end of the delivery- 
tube is then at once dipped under water beneath the mouth 
of the jar, and the stream of bubbles rising into it will rapidly 
displace the water. As soon as the jar is full of gas, close 
its mouth under water with the stopper or glass plate, and 
remove it for experiment The jar may also be removed by 
slipping under its mouth a small dish or saucer, the water taken 
out in the saucer then closes the mouth of the jar air-tight 

Precautions. — The water must be removed from the pan, 
when it rises inconveniently high, by means of a small porce- 
lain dish ; if at any time the gas should be given ofi too 
rapidly, the flame should be removed until tbe current 
slackens ; the lower portions of the mixture should be heated 
only after the upper parts refuse to yield any more gas : when 
the process is to be stopped, the end of the delivery-tube 
must be removed from the water before the gas has ceased to 
bubble out, and the test-tube must not be allowed to touch 
cold or wet objects, which would cause the hot glass to crack. 

Several bottles filled with oxygen will be required for the 
following experiments^ or the same bottle may, if necessary, 
be refilled with the gas according to the above directions, 
after the completion of each experiment 

Note. — ^The use of ground-glass plates, which must close the mouth 
of the jar perfectly air-tight, is much easier than that of stoppers. An 
earthenware " bee-hive shelf" which may be used in a common earthen 
pan, or a "pneumatic trough/' is also convenient, since it supports 
the jar during the process of collection. 
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Oxygen gas is remarkable for the energy with which it 
combines with or bums many substances: three examples 
are giyed of this property in Exps. 5, 6, and 7. 

Exp. 5. — Select a splinter of wood charcoal or a small piece 
about the size of a nut ; the experiment is more brilliant if 
the surface of the charcoal formed originally part of the bark 
of the tree. Bind this upon a "deflagrating spoon " with 
a little 'fine iron or copper wire ; then adjust the wire handle 
of the spoon in the brass cap, so that when held beside the 
bottle of oxygen with the cap on a level with the mouth of 
the jar, the little metal cup is about an inch from the bottom 
of the bottle. Kow heat the charcoal in the Bunsen flame, 
OP better in the blowpipe flame (4), until a part of its surface 
glows when held in the air, and quickly place it in- the bottle 
of oxygen, with the brass plate covering the mouth of the 
bottle. (See fig. 7, p. 17.) The charcoal will bum much 
more brilliantly than in air, throwing off sparks if its surface 
was " barky" : — 

+ 02 = COg. 

When it ceases to bum, pour into the bottle a little clear 
lime-water from a small beaker or test-tube, quickly close the 
bottle and shake the liquid round inside it ; the clear liquid 
becomes milky, indicating the presence of carbon dioxide gas, 
as will be hereafter explained. 

Exp. 6. — Eemove the charcoal from the deflagrating spoon 
and replace it by a piece of sulphur as large as a pea ; heat 
the spoon in the flame until the sulphur melts and begins to 
bum with a pale blue almost invisible flame. Then place 
the spoon in a fresh jar of oxygen, the sulphur wiU at once 
bum with a much brighter flame, which emits a beautiful 
violet light : — 

S + O2 - SO2. 

Sulphur dioxide or sulphurous anhydride gas remains in the 
bottle, its presence is proved by its suffocating smell, also by 
pouring a little water into the bottle and shaking it round. 
Sulphurous acid is thus formed, and is recognised by dropping 
into the water a piece of blue litmus-paper, which is im- 
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mediately reddened, and by poniing in a few drops of red 
potassium dichromate solution, the colour of which changes 
to green. 

£xp. 7. — Cleanse the deflagrating spoon from any remain- 
ing sulphur, and put into it a small piece of phosphorus no 
larger than a pea. The phosphorus may be cut with a knife ; 
it must be touched only with wet fingers, and should be 
handled as little as possible, since it is liable to catch fire by 
the heat of the hand ; it is always kept under water, being 
dried only immediately before being used by pressing it be- 
tween filter-paper or blotting-paper, or with a dry cloth. Set 
fire to the phosphorus by holding the spoon in the flame, and 
notice how it bums in the air ; then place the spoon in a jar 
of oxygen — ^the phosphorus will bum most brilliantly, pro- 
ducing a white substance called phosphorus pentoxide or 
phosphoric anhydride : — 

Pg-hOj -PA- 
When the phosphorus has ceased to bum, pour in a little 
water and shake it round in the jar, the white substance dis- 
solves, yielding phosphoric acid : — 

P20, + 3H20 = 2H3PO,, 

and the water may now be proved to be acid by dropping 
into it a piece of blue litmus-paper, which will be immedi- 
ately reddened. 

Ted for oxygen, — ^A convenient test for oxygen is to in- 
troduce into the gas a slip of wood with a spark at the end, 
which is caused to burst into flama Only one other gas 
possesses this property, and^ it is readily distinguished from 
oxygen by other means. This test only detects oxygen when 
it is in a pretty pure condition. 



n. Hydhoobn gas. — ^The liquid substance water consists 
(A oxygen gas combined with another gas called hydrogen ; 
several processes are known for preparing hydrogen from 
water. This gas is, however, most readily obtainod ix.Qxs^ 
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PREPARATION OF HYDROGEN. [EXP. 8. 



another liquid containing it, called hydrochloric acid, by the 
action upon it of the metal zinc 

Exp. 8. —Fit a two-necked Woulffe's bottle ♦ (a, fig. 3), with 
air-tight perforated corks bearing a thistle funnel (b), whose 



Fig. 3. 




I 



end reaches nearly to the bottom of the bottle, and a tube 
bent as shown at o and terminating just below the cork: 
join to this, by means of a short piece of tightly fitting india- 
rubber tube, a bent delivery-tube d. Pour into the bottle 
sufficient granulated zinc to cover the bottom, replace the 
corks, and after ascertaining that the apparatus is air-tight 
by closing the end of the delivery-tube and blowing down 
the thistle-funnel, pour in through the funnel sufficient water 
to cover the zinc and the end of the funnel-tube ; then add 
strong hydrochloric acid gradually until, after mixing the 
acid and water by shaking the bottle, the hydrogen is seen 
to rise from the zinc in numerous small bubbles : — 

Zn + 2HCl=2H + ZnCl2. 

Then dip the end of the delivery-tube under water contained 
in the pan or trough, and allow the gas to bubble out through 
the water for at least five minutes. This delay is necessary 
in order to give the hydrogen time to entirely remove the air 

* A wide necked bottle may be used instead, being fitted as shown in 
fig. 6 (p. 14). 
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which filled the bottle, and which when mixed with hydrogen 
produces a dangerously ezplosiye mixture. Before collecting 
larger quantities of the gas for experiments, ascertain that the 
hydrogen is no longer mixed with air by inverting a test-tube 
filled with water over the end of the delivery-tube ; as soon 
as the tube is full of gas close its mouth with the thumb, and 
hold it to a flame ; if the gas bums with a slight explosion, 
the tube is again similarly filled with the gas and tried in the 
same way. As soon as the gas bums quietly with a pale 
flame, a small thick glass cylinder or tube may be filled with 
it in the same way as was directed for oxygen. 

If during the preparation of gas for the following experi- 
ments the gas comes off too slowly, it is only necessary to 
pour in a little more strong acid through the funnel and mix 
it with the liquid in the bottle by gently shaking the latter. 

Exp. 9. — Hold the vessel filled with hydrogen with its 
mouth open and directed upwards for a short time, the gas 
will entirely escape ; the absence of the gas may be shown by 
holding a lighted taper in the vessel, when no fiame will be 
seen at the mouth. If the cylinder be refilled with hydrogen 
and held for a short time mouth downwards, the hydrogen 
will remain in it, and its presence may be shown by the gas 
burning with a pale fiame when a lighted taper is introduced : 
these results prove that hydrogen is much lighter than air, 
since its tendency to rise prevents it from passing out down- 
wards through the open mouth, whilst it readily escapes 
upwards from the erect cylinder. Since hydrogen is so 
much lighter than air, it is possible to collect the gas without 
using water by a process called '' displacement. *' The de- 
livery-tube of the hydrogen apparatus is passed up to the top 
of the inverted jar containing air, the hydrogen rises to the 
upper part of the jar and gradually pushes out the heavier 
air downwards. 

Exp. 10. — Fill a jar with hydrogen by "displacement." 
For this purpose fit upon the india-mbber joint of the hydro- 
gen apparatus a delivery-tube bent as shown in fig. 4, and 
when a brisk effervescence of gas has been caused by pouring 
in some strong hydrochloric acid, pass this tube \x^ \iO \!ti<b\fip^ 
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of an inverted jar, and allow the jar to remain in this position 
for several minutes; it is best to loosely close the mouth 

of the jar during this process by 
letting it rest upon a perforated 
disk of card-board, or upon the 
round brass cap of a deflagrating 
spoon, supported upon a retort- 
stand ring, or upon an iron tripod- 
stand, since the entrance of air by 
" diffusion " is thus almost entirely 
prevented. 

Eemove this jar, keeping it 
mouth downwards, and push up 
inside it a burning wax taper five 
or six inches in length ; the hydro- 
gen will be lighted, and will bum with a pale flame at the 
mouth of the jar, but the flame of the taper will be seen to 
be extinguished by the gas : the taper may, however, be re- 
kindled by holding it in the hydrogen flame burning at the 
mouth of the jar. 

Exp. 11. — Cover the bottle and funnel-tube with a cloth, 
to prevent accident in case of an explosion, and light the 
hydrogen at the end of the delivery-tube used in the last 
experiment Hold over the flame a perfectly clean, dry, and 
cool tumbler or beaker, the inside will become dimmed with 
moisture, showing that hydrogen gas burning in the air pro- 
duces water : — 




Hg-fO 



HgO. 



Note, — Since all gases which have been in contact with water contain 
more or less vapour of water, or are "moist," it is usual to employ for 
this Exp. a stream of hydrogen gas which has been freed from moisture 
or ''dried." A gas is dried or ''desiccated" by passing it through 
some substance which readily absorbs moisture. Strong sulphuric acid 
(oil of vitriol), calcium chloride, and quick-lime are the desiccating 
agents most commonly employed. The gas may be made to bubble 
through strong sulphuric acid contained in a bottle, b (fig. 10, p. 22), 
connected, as shown in the figure, with the generating apparatus. It 
may be also dried by passing it through a tube containing fragments of 
oalciom chloride, or of quick-lime (fig. 10a), or pieces of pumice-stone 
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moisteiied with strong snlpharic acid : the moistened pumice may be 
contained in a XT-tube (fig. 106), or in the bottle b (fig. 10, p. 22). 

Exp. 12. — Measure the height of a short thick glass cylin- 
der, and divide it into three equal parts by small pieces of 
gum-paper stuck upon the outside. Fill the cylinder with 
water, and after inverting it in water, fill one-third with 
oxygen (Exp. 4), and the remainder with hydrogen (Exp. 
8) ; let the jar stand with its mouth under water for five or 
six minutes to allow the gases to mix ; then apply a lighted 
taper to the mouth of the jar directed downwards, taking 
care not to place the fingers beneath it : the gases combine 
to form water with a loud explosion. 

Test for hydrogen. — Hydrogen gas is recognised by burning 
with a pale flame in air or oxygen, the flame depositing water 
on any cold object held above it 



IIL Carbon dioxide oas or Carbonio anhydride.* — 
When carbon was burnt in oxygen (Exp. 5) a gas called 
carbon dioxide remained in the jar : the gas may be prepared 
in this way, but a much more easy method consists in pour- 
ing hydrochloric acid upon some pieces of marble : — 

CaCOg -f- 2HC1 - CO2 + HgO -I- CaCLj . 

Chalk or limestone may be substituted for marble, but 
these do not answer so weU. 

£xp. 13. — Binse out the apparatus used for preparing 
hydrogen, and place in it some small pieces of marble ; fit 
into the indiarrubber joint a delivery-tube bent at right angles, 
as shown in fig. 5 ; then pour through the funnel-tube suffi- 
dent water to cover the marble and the end of the funnel-tube, 
and then strong hydrochloric acid until gas comes off with brisk 
effervescence. Place the delivery-tube in a jar, with its end 
nearly touching the bottom ; cover the mouth of the jar with 
a small disk of cardboard which has had a slit cut in it for 
the delivery-tube or pass the delivery-tube, through the 

* Fonnerly called carbonic acid, a name which is incorrect, since aU 
add* contain hydrogen. 
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brass cap of a deflagrating spoon, and allow the apparatus 
to stand for several minutes. 

Carbon dioxide being much heavier than air, will soon fill 

the jar by " displacement " ; that is to 
say, it will collect in the lower part of 
the jar, and, by gradually rising in it, 
will lift out the air. Since this gas 
has the property of extinguishing a 
burning taper, it is ea^ to ascertain 
when the jar is full by holding a 
lighted taper just inside its mouth: if 
the flame is extinguished, the carbon 
dioxide has reached the top. Carbon 
dioxide gas, being very largely dissolved 
by water, is rarely collected over water, 
the process of " displacement " being preferable. 

Exp. 14. — Allow this jar of carbon dioxide to stand un- 
covered and with its mouth upwards for a few minutes ; then 
place in the jar a burning taper : the carbon dioxide is shown 
to be still present in the vessel by the immediate extinction of 
the flame. Then hold the jar for several minutes with its 
mouth downwards ; on testing with a lighted taper, only air 
will be found in the vessel These experiments prove that 
carbon dioxide is heavier than air, since it remains in a vessel 
which is open above, and falls out of one which is open 
below. 

Exp. 15. — Since this gas is so much heavier than air, it 

can be poured from vessel to vessel like 

water. This may be shown by pouring 

carbon dioxide from a bottle filled with 

/ iJ/ the gas into a jar full of air, the latter 

being somewhat the smaller. The bottle 
is gradually tilted a little beyond the hori- 
zontal position, with its mouth over that 
of the jar. After holding it in this posi- 
tion for a short time it may be proved by 
a lighted taper that the gas has left the bottle and is present 
in the jar. 
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E»p. 16. — Pour a little lime-water from a test-tube or 
small beaker into a jar of carbon dioxide and shake the 
liquid round in the jar. The lime-water will at once become 
milky, owing to the lime which is dissolved in the water 
being converted by the carbon dioxide into chalk (calcium 
carbonate), which, being an insoluble substance, remains 
mixed as a white powder or " precipitate " with the water : — 

CaHgOa + CO2 = CaCOg + HgO . 

Exp. 17. — Carbon dioxide gas readily dissolves in cold 
water, forming a liquid which probably contains carbonic 
acid : — 

C02 + H20 = H2C03. 

The solubility of the gas in water may be proved by displac* 
ing the air from a bottle, previously half filled with cold 
water, by carbon dioxide : then tightly closing the mouth of 
the bottle with the wetted palm of the hand, and shaking 
vigorously for a short time : the bottle will adhere to the hand, 
owing to a partial vacuum being produced by the absorption 
of the gas by the water. A further proof is afforded by 
dipping the end of the delivery-tube (fig 5.) to the bottom of a 
beaker containing water, so as to cause the gas to bubble 
through the liquid. After the bubbles have passed for several 
minutes the water may be shown to contain carbonic acid by 
pouring some of it into a test-tube and adding a little lime- 
water, which will cause a milkiness^; also, by adding to 
another part of the carbonic acid solution several drops of 
blue litmus solution, or dipping into it a piece of blue litmus- 
paper, which will become red, indicating the presence of an 
acid : keep this Hquid. If this liquid containing carbonic 
acid be tasted it will be found to possess a taste resembling 
that of soda-water, and in fact soda-water is merely water 
which contains a large quantity of carbonic acid, as may be 
proved by examining it with lime-water and litmus. If some 
of the water containing carbonic acid be boiled in a test-tube, 

* Sometimes the milkiness disappears, for reasons explained in Exp. 18 
tmleas much lime-water is added. 
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the carbon dioxide gas is driven off again : the bubbles of gas 
are seen nsing in the water long before the latter boils, and 
after the liquid has been boiled briskly for several minutes, it 
may be proved to be free from carbonic acid by giving no 
milkiness on addition of lime-water, and by not changing the 
colour of blue litmus-paper or solution. The red liquid pre- 
pared by adding blue Htmus to the carbonic acid solution 
will also become blue when it is boiled. 

Exp. 18. — ^Dilute some lime-water, contained in a small 
beaker, with an equal quantity of distilled water, and allow 
the carbon dioxide gas to bubble through it as in Exp. 17 ; a 
milkiness will be produced owing to the formation of chalk 
(Exp. 16) ; but if the gas is allowed to bubble for several 
minutes through the liquid, the milkiness will gradually dis- 
appear, since the chalk dissolves entirely in the carbonic acid 
which is formed by the carbon dioxide dissolving in the 
water. On boiling some of this clear liquid it again becomes 
milky, since the carbon dioxide is driven out of the water by 
heat, and therefore the chalk can no longer remain dissolved. 
It will be found, on pouring out the water, that part of the 
chalk remains adhering to the inside of the tube, whence it 
may be removed by pouring in a few drops of hydrochloric 
acid. The above experiment explains the origin of the coat- 
ing or *' incrustation " of chalk inside kettles and steam- 
boilers in which chalk-water is boUed. Such water contains 
chalk dissolved by carbon dioxide gas present in the water, 
this gas is driven off when the water is boiled, and a great 
part of the chalk separates upon the sides of the vessels. 

Teats for carbon dioxide, — It is evident that the presence 
of carbon dioxide gas is shown by its properties of extin- 
guishing a burning taper, and turning lime-water milky : 
these are the ordinary " tests " for carbon dioxide. We may 
now proceed to employ them to prove that carbon dioxide is 
evolved from our lungs during the process of respiration, and 
also that it is produced by a burning candle. 

Exp. 19. — Invert a bottle full of water in a pan of water, 

and fill it with air from the lungs by blowing the breath out 

fe through a glass tube, one end of which is dipped into the 
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water and held beneath the mouth of the bottle. In order to 
obtain air from the Iwiga a full breath should be drawn, and 
the nose then closed by pinching it with the finger and thumb : 
before allowing any breath to pass up into the bottle, the greater 
portion should be breathed out through the tube so as to 
replace the air contained in the windpipe, mouth, and tube 
by air from the lungs, the remainder of the breath is then 
allowed to bubble up into the bottle. Close the bottle, 
remove it from the pan, and introduce into it a lighted taper, 
the flame will be immediately extinguished. 

Now blow air from tlie lungs, obtained as just described, 
through a glass tube into lime-water contained in a small 
beaker, the lime-water will become milky. 

Exp. 20. — Fasten a small piece of candle or wax taper 
upon the deflagrating spoon, and place it alight in a bottle of 
air, the mouth of which is closed by the 

Fid 7 

brass plate (fig. 7). After burning for a 
short time the flame will be extinguished, 
and if relighted will be again extinguished 
when placed in the jar. Now pour in 
some lime-water from a small beaker, and 
shake it round in the bottle, the liquid 
will be rendered milky. 

A similar experiment may be performed, 
substituting for the candle the flame of 
coal gas which is burnt from a jet inside the 
inverted bottle, and closing the mouth of 
the bottle with a glass plate, as soon as the flame is extin- 
guished. The extinction of the flame, and the milkiness 
then produced by shaking lime-water in the bottle, will 
prove the production of carbon dioxide by the combustion. 

Hence carbon dioxide gas is constantly being introduced 
into the air by respiration and combustion, and we should 
therefore expect to be able to detect its presence in air by 
the above tests. It is manifestly not present in sufficient 
quantity to extinguish a burning taper, but the presence of 
carbon dioxide in air may be shown by lime-water in the 
following way : — 
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Exp. 21. Pour some clear lime-vater into a watch glass, 
or better a clock glass, and allow it to staod for a few 
minutes in the air; a film of chalb will gradually form ou 
the surface, and will be seen as white flakes when the water 
ie stirred. 

III. a. IfitTin oxide gas may be prepared in the apparatus used tor 
making carbon dioxide (fig. 6, p. 14). 

£xF. 22. — The pieces of niiLrble are removed and the apparatna 
washed oat Sonie scraps of copper {copper clippings or turnings) are 
then placed in the flask, and nitric acid diluted with an eq^oal measnre 
of water poured in : — 

3Cu + 8HN0, - 2N0 + 8Cn[N0a)j + iH,0 . 
A reddish-brown gas soon fills the inside of the vessel, and should be 
allowed to bubble ofl' for a time through water ; it may then be collected 
over water as was directed for hydrogen gas. Nitric oxide is colonrless, 
but it forms a reddish-brown gas (chiefly nitrogsQ tetroxide) when 
mixed with free oxygen. This is shown by filling a jar with the gas 
over water, and then allowing it tu stand with its mouth open in the 
air, tlie entrance of the oxygen of the air at once produces red fumes. 
The appearance of red fumes in the preparation vessel is thus explained, 
since the vessel is at first filled with air with which the first portions 
of the gas mingle. 

IV, Ammonia gab. — The familiar smell of common "smell- 
ing salts " is due to ammonia gas, which is constantly being 
given off from the solid " carbon- 
ate of ammonia " contained in the 
bottle. The gas is thus evolved 
only very slowly, it may be made 
to come off much more rapidly if 
the "carbonate of ammonia" is 
mixed with lime and the mixture 
is then gently heated : sal ammo- 
niac is usually employed instead 
of the carbonate of ammonia : — 

2KHjCl + CaHjOa = 2NHg + 

CaClj-l-ttjO. 
Exp. 23 — Powder some ammo- 
sal ammoniac in a mortar, and mix with 
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it thoroughly on a sheet of paper about an equal quantity of 
slaked lime in fine powder. Pour some of this mixture into 
a small flask (fig. 8) until it is about one- third filled, and close 
the neck of the flask with a tightly fitting perforated cork, 
into which is inserted a straight piece of glass tube eight or 
nine inches long. Heat the mixture gently by placing the 
flask upon a piece of wire gauze on a tripod-stand and putting 
underneath it a lighted rose-burner. Ammonia gas will soon 
be smelt issuing from the end of the tube, and, since it is much 
lighter than air, may be collected by "displacement," as seen 
in fig. 8. To ascertain when the vessel is filled with the gas 
it is only necessary to hold at the mouth of the jar a piece of 
moistjBned red litmus or yellow turmeric paper; since ammonia 
gas changes the colour of the former to blue and of the latter 
to reddish-brown, it is easy to see whether it has reached the 
mouth of the jar by observing whether any change is pro- 
duced in the colour of the paper. 

A more easy way to prepare ammonia gas for the following 
experiments consists in heating a little '' Liquor Ammonise 
Fortissima" in the flask (fig. 8).instead of the solid substances. 

Ammonia gas does not bum continuously in air at the 
ordinary temperature, but it burns readily either in strongly 
heated air or when lighted in oxygen gas. Show this by 
holding the end of the delivery-tube, from which a stream 
of the gas is issuing, in the top of a Bunsen-flame ; a pale 
yellowish-green flame of burning ammonia will be seen ; and 
if the end of the tube is dipped into a jar of oxygen, the 
ammonia may be inflamed as it issues into the oxygen gas. 

Ammonia should always be collected by displacement, 
since it is extremely soluble in water, and therefore its col- 
lection over that liquid would lead to great waste of the gas. 
For this reason, also, the vessels in which ammonia is to be 
collected should always be perfectly dry inside. 

Exp. 24. — Place a jar full of ammonia mouth downwards 
in a vessel of water, and gently shake the jar so as to agitate 
the water at its mouth ; the water rapidly absorbs the gas and 
rises in the jar to fill the space formerly occupied by the gas. 

If a little water be rapidly poured into a ^at oi «a!L\asyKsa. 
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by momentarily partly opening it and at once covering it again 
with a glass plate or with the hand, and the water be then 
shaken in the jar, the water, owing to its having absorbed the 
gas, will, when poured out, be found to have acquired the 
smell and behaviour with litmus and turmeric papers which 
characterise the gas. This liquid is in fact weak "Liquor 
Ammonise," a solution prepared in large quantities by letting 
ammonia gas bubble for some time through cold water. When 
this solution is boiled the ammonia gas is in great part expelled. 
Exp. 25. — Pour into a glass jar a little strong hydrochloric 
acid, close the jar with a glass plate and shake the acid about 
inside the jar, hydrochloric acid gas will thus be liberated ; 
the liquid may then be allowed to nm out by shpping aside 
the glass plate for a moment. Place this jar in an inverted 
position over a jar containing ammonia gas, and covered with a 
glass plate (fig. 9 a), then withdraw the glass plates, so that the 
mouths of the jars are in contact (fig. 9 b), and the hydrochloric 

acid and ammonia gases can freely inter- 
Fio. 9. mingle. Dense white fumes of solid ammo- 

nium chloride will immediately be formed: — 
NH3 + HC1 = NH4C1. 
This experiment may also be performed 
by dipping a glass rod into some strong 
hydrochloric acid, and holding it in am- 
monia gas as it issues from the delivery 
tube of the apparatus, or in a jar pre- 
viously filled with the gas ; the same white 
fiunes will at once appear. 
Tests for ammonia gas, — Ammonia gas may be readily 
recognised by its pungent smell ; by turning moistened red 
litmus-paper blue, and moistened turmeric-paper reddish- 
brown ; and also by giving white fumes with a glass rod 
moistened with strong hydrochloric acid. 

Gases are frequently made to pass through certain liquids, 
in order to free them from impurities before they are col- 
lected ; this is termed " washing" a gas. In some cases gases 
are purified by causing them to pass over pieces of a solid 
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substance, which absorbs the impurities. The preparation of 
carbon monoxide gas from oxalic acid will serve to show how 
these processes are performed. 



V. Cabbon Monoxide. — This gas is produced when carbon 
dioxide gas is made to pass over red-hot charcoal : — 

CO2 + C = 2C0 . 
It is often thus formed in open grates, and is seen burning 
at the top with its characteristic blue flame. Carbon monoxide 
is usually prepared by heating solid oxalic acid with strong 
sulphuric acid, when a mixture of carbon monoxide and 
carbon dioxide is given off : — 

H2C2O4.2H2O + H2SO4 = CO + CO2 + H2SO4.3H2O . 

Exp. 26. — Place a little solid oxalic acid in a test-tube ; 
pour upon it strong sulphuric acid * sufficient to cover it to 
a depth of at least half an inch, and heat the mixture. 
After a short time effervescence will be noticed, owing to 
gases being evolved ; hold in the mouth of the tube a glass 
rod freshly dipped into lime-water, the drop of lime-water 
hanging upon its end will become milky, showing that carbon 
dioxide is one of the gases evolved. Hold a burning taper to 
the mouth of the test-tube, a blue flame will be seen, caused 
by the carbon nionoxide gas burning in the air. 

In order to get rid of the carbon dioxide gas which is mixed 
with the carbon monoxide, the mixed gases are " washed " 
with solution of caustic soda, or passed over pieces of solid 
caustic soda; the soda absorbs the carbon dioxide readily, 
but allows the carbon monoxide to pass on :~ 

CO + CO2 + 2NaH0 = 00-1- Na2C08 + H2O . 
Exp. 27. — Heat the mixture of oxalic acid and strong 
sulphuric acid in a flask (a) fitted as shown in fig. 10, and 

• strong sulphuric acid is a very corrosive liquid, and great care must 
be taken not to get any upon the skin or clothes ; should any of this acid 
or of any other acid get upon the skin it must be at once washed off ; if it 
should accidentally be spilt upon the clothes, the part must be rubbed 
with ammonia solution. If the acid has remained for some time on the 
clothes it will produce a red stain, which will be removed by ammonia 
solution, unless it has been caused by nitric acid. 
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pass the gases either into a wash-bottle (a small Woulffe's 
bottle, or a broad-necked bottle), fitted as shown in b, and 
containing caustic soda solution ; or through a tube (a) con- 
taining fragments of quick-lime, or a U-tube (b) filled with 
fragments of caustic soda or soda-lime or with fragments of 
pumice-stone or broken tobacco-pipe stem moistened with 
strong caustic soda solution. If the carbon dioxide is to be 
completely removed, the gases must be passed through two 
or more such tubes or bottle& The carbon monoxide gas 
thus more or less perfectly freed from carbon dioxide may be 

Fig. 10. 
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collected over water, and will be found to give either no 
milkiness with lime-water, or a slight milkiness if the stream 
of gas has been so rapid that the caustic soda has not been 
able to absorb the carbon dioxide completely. £y heating a 
formate with strong sulphuric acid carbon monoxide alone is 
given off, and is thus readily obtained free from carbon dioxide. 

Carbon monoxide resembles hydrogen in being inflammable 
and in extinguishing a burning taper ; it also explodes when 
mixed with oxygen or air, hence before collecting a cylinder 
of the gas for experiment, ascertain that the gas coming off 
from the apparatus is free from air by collecting a small test- 
tube full and proving that it bums quietly. 

Exp. 28. — Push a burning taper up into a cylinder filled 
with carbon monoxide, the gas will bum with a blue flame at 
the mouth of the jar but the taper will be extinguished. As 
soon as the gas has ceased to bum inside the cylinder, pour 
in a little lime-water and shake it about ; the liquid becomes 
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milky, showing that by the combustion of carbon monoxide 
in the oxygen of the air carbon dioxide gas is produced : — 

CO-fO-CO,. 
Teats for carbon monoxide. — Carbon monoxide is recog- 
nised by burning with a pale blue flame in the air, producing 
carbon dioxide which renders lime-water milky. 



V. a. Chlorine gas may be made in the apparatus employed for the 
preparation of carbon monoxide : the washing-bottle may either be 
dispensed with or may be used containing a little water to free the 
chlorine from hydrochloric acid gas. 

£xp. 29. — Place some manganic oxide powdered, or better in small 
lumps, in the flask a (fig. 10, p. 22), pour upon it some strong hydro- 
chloric acid mixed with about one-third its measure of water, and heat 
gently in a draught-cupboard or in the open air. A greenish-yellow 
gas is eyolved, which may be collected by displacement like carbon 
dioxide, since it is much heavier than air : — 

MnO, + 4HC1= Clj + MnCl, + 2HjO . 
The gas has a very destructive action on the lungs, and must on no 
account be inhaled ; it is usually recognised by its yellowish-green 
colour, its peculiar smell, and by its property of bleaching moist 
vegetable colours. This last property is shown by placing in a jar of 
the gas a piece of moistened litmus-paper or fabric dyed with madder 
(« Turkey red") : the colours of both will be destroyed. A burning 
wax-taper plunged into ajar containing chlorine continues to bum with 
a very smoky flame : oil of turpentine, introduced into the gas by 
moistening a strip of filter-paper with the warm liquid, catches fire of 
itself and gives rise to dense smoke. A piece of dutch-foil or copper- 
leaf also bums when dropped into chlorine. 

Teats far chlorine. — Chlorine gas is recognised by its yellow colour, 
its smell, and its power of bleaching moistened litmus-paper. 



V. b Hydrogen chloride, or hydrochloric add gas, 

Exp. 80. — Place in the cleansed flask a (fig. 10), which was used for 
tiie preparation of carbon monoxide, some lumps of sodium chloride 
(common salt) obtained by breaking up a mass of melted table salt, 
or by breaking a piece of rook-salt ; pour upon it strong sulphuric 
acid and heat gently. Hydrochloric acid gas is evolved: — 

NaCl + HaS04 = HCl + NaHS04 , 
and being heavier than air, may be collected by displacement in 
the same way as carbon dioxide. The gas fumes strongly in moist 
air, turns moistened blue litmus-paper red, dissolves easily in water 
(Exp. 24) giving an "acid*' liquid (hydrochloric acid), which, like 
the gasi turns blue litmus red. 
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24 DISTILLATION OF WATER. [EXP. 31. 
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Testa for hydrocklorU acid, — ^This gas is known by fuming in the 
air, turning moistened blue litmus-paper red, giving white fumes with 
ammonia gas, and yielding when dissolved in water a milky liquid on 
addition of silver nitrate solution, which does not become dear on 
adding nitric acid. 

VL Distillation. — This process is employed to separate 
liquids which boil at a comparatively low temperature, either 
from solids, or from other liquids which are not converted 
into vapour at all or only at much higher temperatures. It 
consists in boiling the liquid and cooling or "condensing" the 
vapour, which is thus given off, again into a liquid — the 
"distillate"; the non-volatile solid or liquid substances 
present are thus left behind in the vessel in which the 
liquid is boiled. As examples of this process, the purifica- 
tion of common spring-water from the solid substances dis- 
solved in it, and the preparation of nitric acid, may be per- 
formed. 

Exp. 31. Distillation of water, — Pour into a clean retort a 
(fig. 11) some tap-water through a funnel placed in the mouth, 
or in the " tubulure " (^.e., the opening for the stopper or cork) 
if a tubulated retort is employed. Support the retort, whose 
bulb has been about half filled with water, in a retort-stand 
or upon a tripod, with its neck sloping downwards and 
dipping into a small clean flask or bottle &, which is partly 
immersed in cold water contained in an evaporating basin. 
Cover the bulb of the flask with a broad strip of filter-paper 
whose ends dip into the water contained in the dish ; or, 
instead of cooling the flask cool the neck of the retort, by 
wrapping round the lower part of it a piece of filter-paper c, 
and round this a piece of wet string or tow d ; then arrange 
a funnel e with its mouth partly stopped so as to drop 
cold water on the upper part of the filter-paper ; this water 
will be drained off by the string d^ and must not be allowed 
to run into ft. On carefully boiling the water in the retort, 
steam passes into the flask and is there condensed to 
"distilled water." The first few drops should be thrown 
away, as they are apt to be impure from rinsing the retort 
neck and flask Whilst this process of distillation is going 
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on, add to some tap-water contained in a test-tube several 
drops of nitric acid and some silver nitrate solution, and 
notice that the water becomes milky ; a separate portion in 
another test-tube will also be found to become milky on 
addition of some ammonia and ammonium oxalate solution. 
These changes are due to the presence in the water of certain 
solid substances dissolved in it. If the distilled water from 




the flask be examined in the same way it will remain clear, 
showing that these substances have been removed by distilla- 
tion. 

Tests for distilled toater, — Good distilled water should 
remain quite clear when to separate portions of it are added 
solutions of ammonium oxalate, silver nitrate, barium 
chloride, and ammonium sulphide : these tests prove the 
absence of calcium, chlorides, sulphates, lead, and iron respec- 
tively. It should also leave no residue when evaporated. 



Exp. 32. — Nitric acid, — Clean the retort from Exp. 31 
by rinsing out the bulb with a little dilute hydrochloric 
acid, and then thoroughly with water ; let it drain for a few 
minutes, and place in it some solid potassium nitrate (nitre); 
then pour upon this, through a funnel placed ia ^k'ft TkfeOgL ot. 
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tubulure, a quantity of strong sulphuric acid about equal in 
weight to the nitre used, and allow the acid to drain off the 
neck, in case a non-tubulated retort is employed, by support- 
ing it for some time in an upright position. Proceed to 
distil just as in the preceding experiment; a yellow 
oily liquid will trickle down the neck of the retort into the 
flask ; this liquid is somewhat impure nitric acid, and will be 
found to fume strongly in the air : — 

KNO3 + H2SO4 = HNO3 + KHSO4 . 

Test for nitric acid, — Place some small pieces of copper in 
a test-tube, pour upon them a little of this nitric acid ; on 
warming gently reddish-brown fumes will appear in the 
tube, and a blue solution will remain (See Exp. 22, p. 18). 
This property of giving red fumes when treated with copper 
is often used as a test for nitric acid. 



SECTION 11. 

PREPARATION AND USB OF APPARATUS 
REQUIRED IN ANALYSIS. 

Notes, — Refer to the list in paragraph (494)*, which shows what 
apparatus is required for each student, and mark all apparatus as 
directed in the note at the end of the list. 

1. The Bvnsen-humer. — By far the most useful lamp 
for general heating purposes is the Bunsen-bumer (fig 12). 
It is a gas lamp so constructed that coal gas entering through 
the tube a is mixed with a proper proportion of air which 
flows in through the holes at the foot of the burner, and the 
mixture of gas and air is burnt at the top of 
tube h. The oxygen of the air, which is * * 

thu. ».^ ^«.1e g^ b». «„ .„*o. ,^. 

in the interior of the flame. Accordingly 
the luminosity, which is believed to depend 
upon the existence in the flame of unbumt 
carbon 'or carbon-compounds, is destroyed. 
The Bunsen-flame is therefore useful because 
it deposits no soot upon a cool object which is being heated 
in it, and also because it is much hotter, owing to the more 
complete combustion of the gas, than any of the ordinary 
flames. Its high temperature, non-luminosity, and colourless 
appearance also render it very valuable for producing 
flame colorations, as will be seen hereafter. The lamp 
should be provided with some means for partly or entirely 
closing the air-holes when requisite; this is usually 

* Numhers occurring in the text which are enclosed in brackets refer to 
the paragraphs commencing in this section. For conyenience in reference, 
paragraph numbers are printed in thick type ; and at the head of each page 
the numbers of the paragraphs it contains will be found enclosed in square 
brackets. 
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28 THE BUNSEN-BURNER. [2. 

effected either by a loose perforated ring wliicli is slipped 
07er them, or by making the tube b turn round on its 
long axis. When a small flame is being employed, the air 
must be partly shut off, else the flame "burns below." 

When the lamp is to be used, a piece of tightly-fitting 
india-rubber tubing 5-16th8 of an inch in diameter is 
pushed over the end of the tube a, and the other end of 
the tubing is slipped over the tube which supplies gas to 
the working bench, the gas tap is turned on, and as soon 
as the gas is distinctly smelt issuing from the tube b, it 
is lighted. The flame should be almost perfectly colourless, 
and give scarcely any light. Occasionally the gas will bum 
at the bottom instead of the top of the tube b ; this usually 
happens when the flame is turned down very low, or the 
supply of gas is insufficient ; also when the quantity of air 
admitted through the holes is too great, or the burner is 
lighted too soon after turning on the gas tap. It may be at 
once detected by looking through the holes in the base of 
the lamp, when the luminous flame will be seen burning 
from the small gas jet inside ; the flame produced whilst the 
gas is " burning below " is also characterised by being long 
and somewhat luminous, and by emitting a very unpleasant 
smelL In such a case the flame should be at once extin- 
guished by pinching the india-rubber tubing close to the 
burner, and the gas should be relighted after escaping for a 
few seconds : the momentary stoppage of the gas-stream by 
suddenly striking the india-rubber tube upon the bench with 
the hand will also frequently cause the flame to rise to the 
top of the burner without extinguishing it. Closure of the 
air holes serves the same purpose, but this must be done with 
care, as after the flame has burned below for a short time the 
metal becomes too hot to be touched* The risk of the gas 
burning below is prevented by slipping upon the top of the 
burner a tightly fitting thimble, with a hole in its top some- 
what less in diameter than that of the burner. 

2. For diffusing heat over a large surface^ the ^^rose- 
burner " is very useful ; it is a small perforated metal cap c 
(fig. 12), which, when placed upon the top of the tube b, 



3,4.] 



USE OF THE BLOWPIPE. 



29 




yields a small circle of flames; the rose-burner is put on 
and removed by grasping it with crucible tongs; it ia of 
course very hot after being removed, and should never be 
handled, or placed upon wood, until it is cooL 

8. The flame of a spirit'lamp pj^ ^3. 

is occasionally employed instead 
of the Bunsen-flame, but for 
general purposes the spirit-lamp 
should only replace the Bunsen- 
bumer where coal gas cannot be 
obtained. 

The spirit-lamp (fig. 13) con- 
sists of a glass vessel containing 
methylated spirit, into which 
dips a cotton wick supported by means of a brass, or better, 
a stoneware wick holder. When not in use the wick should 
be always covered with the glass cap to prevent evaporation of 
the spirit. If the spirit is tolerably free from resinous matter 
its flame will be non-luminous, and will deposit no soot upon 
a cold object 

4, The Uowpipe is frequently used to produce a small but 
very hot flame from the flame of a gas lamp, spirit lamp, or 
candle, by blowing through it a fine stream of air from the 
mouth. 

In order to obtain the "blowpipe flame" from the flame of 
a Bunsen-bumer, the blowpipe is held by the right hand, 
with its finely pierced tip Fio. 16. Fio. 14. 

a (fig. 14), resting on the ^ ^ 

edge of the burner, and . y^ i M 6 

just inside the flame (fig. 
15); the mouth-piece &is 
then taken between the 
lips, and after blowing out 
the cheeks to their full 
extent, the air contained 
in them is forced out 
through the jet a, and causes a small pointed tongue 
of flame to issue from the side of the g&& fL&\£L<&. *Y>cl^ 
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chief difi&culty in learning to use the blowpipe properly is 
experienced in acquiring the habit of keeping up the blast of 
air for some time uninterrupted by the breathing. A little 
patient trial will, however, soon remove this difficulty, if it 
is borne in mind that the cheeks must be kept constantly 
inflated with air, and that the air must be forced through the 
blowpipe hy the pressure of the cheeks alone and not by the 
auction of the lungs, breathing being carried on meanwhile 
through the nose, and the mouth being occasionally replen- 
ished with air from the throat just before breathing out the 
air from the lungs through the nose. 

It is frequently necessary to have both hands free whilst 
using the blowpipe ; this may be secured by resting the jet 
a on the top of the burner, and supporting the other end &, 
by the lips alone, as shown in fig. 15 ; or the blowpipe may 
be rested on a support of convenient height, such as the ring 
of a retort-stand properly adjusted. 

The bright flame obtained by nearly closing the air-holes of 
the burner is much better suited for use with the blowpipe 
than the ordinary non-luminous flame. A burner with an 
elliptical orifice which gives a flat flame is commonly substi- 
tuted for the ordinary round flame of the Bunsen-bumer ; it 
is easily obtained by slipping a brass tube down the tube of 
the burner. 

A further account of the uses of the blowpipe is give in 
par. 30. 

5. Glass tube or rod is cut by laying it upon a flat surface, 
y^^ ^^ and making a deep 

scratch with the edge 
of a three-cornered file 
at the point to be cut 
The glass is then held 
with both hands, one 
on either side of the 
scratch and close to it, 
and a gentle pressure is exerted upon the glass as if trying to 
break it across (fig. 16). If the file miark has been made suffi- 
ciently deep, the glass will readily break at the scratch; the 




6-8.] 



GLASS TUBE DRAWN OUT. 



31 



Fig. 17. 




sharp edges of a rod or tube should always be at once rounded 
by holding them in the Bunsen or blowpipe -flame until they 
are partly melted, or by rubbing them with the face of a file. 

6. Olass tube is bent by holding the part to be bent in the 
upper edge of a common fish-tail 
gas flame, so as to heat at least two 
inches of the glass (fig. 17). The 
Bunsen-flame must never be em- 
ployed for bending glass tubing ; it 
produces a most imsatisfactory 
bend. The tube is supported by 
holding it with both hands, one on 
either side of the flame, and whilst being heated it is con- 
stantly turned slowly round on its axis so as to heat all sides 
equally. As soon as the glass is felt to be soft and pliable, 
it is taken out of the flame and quickly bent to the required 
angle. The heated part must not be allowed to touch any 
thing until it is cold ; the soot is then removed from it by a 
cloth or piece of paper. A bend, if properly made, should 
be a curve, and should not alter the bore of the tube (fig. 
17a); if a sharp angle 
is made, the bore will 
be narrowed, and the 
bend, besides being 
unsightly, is very 
liable to break under 
a small strain (fig. 
I7b.) 

Glass rod may be 
bent in the Bunsen or 
blowpipe flame. 

7. Glass tube is drawn out by holding it with both hands 
as for bending ; and whilst turning it constantly round on 
its long axis, the part to be drawn out is strongly heated in 
the Bunsen, or better, in the blowpipe flame (see fig. 15); 
when the glass is well softened, the two ends are slowly 
pulled asunder in opposite directions. ^ 

8. Oorks are bored usually by means of brass coikr\iox^t^ 




Fig. 17 6. 



Fig. 18. 




S2 BORING CORKS. [9. 

which are used as punches. A borer is selected of the same 
size as the glass tube which is to be inserted into the cork, rather 
less than greater; the 
cork is then pressed 
against a wooden sur- 
face (best against the 
upright edge of a thick 
bench or tabic), and 
the perforatiou made 
in it by gently push- 
ing the borer through 
whilst constantly turning it upon its axis (fig. 18). Caution 
and practice will enable the student to make a clean straight 
hole without damaging the surrounding parts of the cork. In 
boring a single hole through a cork, the easiest way to make 
it straight is to bore from the centre of one end halfway 
towards the other, then reverse the cork and bore a hole to 
meet this from the centre of the opposite end. 

A perforation may also be made by pushing a sharply 
pointed round file carefully through the cork. 

Tke round JU,e is required for smoothing the interior of 
holes made by the cork-borer, or for sl^hHy enlarging them 
when they are teo small ; whilst doing this great care must 
be taken to leave the hole round in shape, and not to en- 
large it so much that the glass tubing when inserted fits loosely. 
In perforating india-rubber stoppers, the borer used must 
be sharp, and must be kept well wetted with water, or better 
with solution of caustic soda or potash. 

The ed^e of the cork-borer is sharpened when necessary 
by rubbing the outer part of the edge obliquely with the face 
of a fine-toothed three-cornered or flat file. 

9. Sidpkuretted^ydrogen tube. — A tube of the requisite 
shape will have been used for the experimente in Section L ; 
it is seen as a bent delivery-tube in fig. 5{p. 14). Knotalready 
made, bend a piece of glass tubing (6) ten or twelve inches in 
lei^th at right angles into the shape shown in fig. 17 a, the 
shorter limb beii^ about two inches long. This tube is to be 
kept for passing sulphuretted hydrogen gas through liquida 
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10. Small igaitionrivhea. — A piece of hard ^ass tubing*, 
perfectly dry inside and out^ and not mudi less than the eighth 
of an inch in internal diameter, is diawn out at ita middle 
point by heating it strongly in the blowpipe flame, as shown 
in %. 15, p. 29. The narrowed portion of the tube (fig. 
19) is then cut across (5) at ite middle point, and by heating 
Fio. 18. 



the conical part a, the narrow tube may he drawn off, and a 
small closed tube is obtaloed (fig. 19 a). If the closed end is 
strongly heated in the blowpipe p^^ jg ^ 

flame and blown into whilst hot, it / i — ■ ■ ~ 

may be expanded into a small bulb, ^^^^^^' 
such as that seen on p. 115. Small test-tubes, three 
inches long by half an inch in diameter, serve well for 
^nition tabes. 

11. Gloat gtirritig^rodt. — Three or four glass rods are made 
by cutting (5) a lei^h of sohd glass rod into pieces, some 
about seven inches long, 
others of about half that 
length. Any small projec- 
tions are filed or chipped 
off, and both ends of each 
rod are then rounded by 
holding them in the upper 
part of the Bunsen flame, 
or better in the tip of the 
blowpipe flame, and turn- 
ing the rod constantly 
round on its long axis until 
it becomes red-hot at the 
end (see fig. 20} ; the sharp edges are thus partially melted. 
The end of the rod must not be allowed to touch anything 
until it is cooL 




kppev green or cotonriess, yiVOx soft gUu block or daik. 
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11 a. Sometimes a yery thin glass rod is required; tliis may 
be made from a stouter rod by softening it in the blowpipe 
flame (fig. 15, p. 29), and then drawing it out until the 
required fineness is produced. 

12. Mounted platinum wires, — The platinum wire used 
must not persistently colour the flame green. Draw out a 

Fig. 21. 
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piece of glass tube, six or seven inches in length, at its middle 
point (fig. 15, p. 29) into the shape shown in fig. 19. Cut it 
across at the middle of the narrow portion. Each piece 
of glass thus obtained serves for the handle to a wire. Break 
off" the narrow part of the tube until it extends only about a 
quarter of an inch from the shoulder (a, fig. 19), and into the 
narrow opening insert the end of a piece of platinum wire 
about two inches in length and bent round at its other end 
into a circle about the eighth of an inch across by roUing it 
round a piece of thick wire ; then hold the end of the wire 
surrounded by glass in the Bunsen or blowpipe flame until 
the glass melts and thickens around it, fixing it firmly when 
cold (fig. 21). At least two wires should be mounted in this 

way. They are then rendered less liable 
to be lost and much more easy to handle. 
The wire may also be mounted by soften- 
ing the end of a short piece of glass-rod 
in the blowpipe flame, and sticking the 
wire into it. 

18. Wash-bottle. — ^A thin flat-bottomed 
flask is chosen, best of the triangular 
shape shown in fig. 22, and of 16 or 18 
ounces capacity; the neck must not be 
less than an inch in diameter. Procure 
a sound cork which is slightly too large 
to enter the neck, softein the cork by 
placing it upon the floor and rolling 
it backwards and forwards under the 
foot with gentle pressure ; when thus softened the cork must 



Fig. 22. 
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fit tightly into the flask. A vulcanised india-rubber stopper 
is much more durable for this and most other chemical pur- 
poses ; it is perforated by a sharp well- wetted cork-borer, or 
by a wetted round file. Two pieces of glass tubing rather 
longer than would be required for the tubes a and h are 
then bent (6) into the form shown in fig. 22. The ends 
of the tubes are, if necessary, cut off to the right length, and 
their sharp edges are rounded by holding them in the Bun- 
sen flame or in the tip of the blowpipe flame, or by rubbing 
them with the face of the file. 

Two parallel holes are then bored in the cork by means of 
a round file or with a proper sized cork-borer (8) ; the holes 
must be somewhat smaller than the glass tubes, and must 
not run into one another or to the outside of the cork. They 
are slightly enlarged, if necessary, by the round file. Into 
these holes the tubes a and h are then gently pushed with a 
twisting motion ; if the holes' have been made of the proper 
size the tubes must enter somewhat stiffly, but without requir- 
ing much pressure. If the holes have been carelessly made 
too large, the tubes may often be made to fit by slipping upon 
them Httle pieces of narrow india-rubber tubing, or by putting 
the pieces of india-rubber tubing into the holes in the cork 
before fitting in the glass tubes. 

Upon the upper end of a is fitted a piece of small india- 
rubber tubing about an inch in length, into the other end of 
which is pushed a short jet (c), made by drawing out a piece 
of glass tubing in the flame (fig. 15, p. 29) ; its opening may 
be contracted, if necessary, by holding it perfectly dry in the 
flame for a short time. The neck of the flask should then 
be bound round with twine like the handle of a cricket 
bat, or tightly covered with a piece of flannel ; this prevents 
the fingers from being burnt when water has been boiled in 
the flask and its neck has become heated by the steam. 

The wash-bottle, when thus fitted up, is filled about two- 
thirds with distilled water. Tap-water should never be kept 
in the wash-bottle. 

A fine stream of water may then be obtained from the jet 
(c) by blowing down the tube (&) j this atteam ^crrea icyt 
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washing precipitates and for other purposes. A larger stream 
is obtained by inverting the bottle, when the water will flow 
out from the end of the tube (h), air entering meanwhile by 
the tube (a). 

Hot water is frequently required for washing precipitates ; 
to obtain this the wash-bottle is placed upon a piece of wire 
gauze supported on a tripod-stand, and is heated by the 
Bunsen flame, as shown in fig. 10 (p. 22). 

14, Cleaning apparatus. — It is indispensable, to the suc- 
cess of an analyst that all glass and porcelain apparatus should 
be scrupulously clean before being used. 

Test-tubes, beakers, and porcelain dishes are washed in a 
stream of tap-water by using the test-tube cleaner (fig. 23 b), 
A little hot hydrochloric acid will remove most stains, but 
occasionally it is necessary to heat a little strong sulphuric or 
nitric acid in a vessel in order to cleanse it; hot caustic 
potash or ammonia solution may also often be used with 
advantage to remove grease. In fact, in removing a substance 
from a vessel to which it strongly adheres, the student should 
always consider what the substance is, and then remove it 
by a liquid in which it is easily soluble. ' Each article after 
having been well washed and rinsed with tap-water, should 
be placed upside down in the small wicker-basket to drain, 

or if required for immediate use, it should be 
rinsed out with a little distilled water. It 
should be borne in mind that apparatus must 
be washed as soon as possible after use, as 
^ after standing the surface is usually much 
more difficult to cleanse. The brush must be 
cautiously moved as it reaches the bottom of a 
test-tube, since the glass is very thin and the 
brush is easily pushed through it. 

Test-tube hmsh, — It will be found that the 
piece of sponge at the end of the test-tube 
cleaner (fig. 23 a) is not well adapted to cleanse the bottom 
of test-tubes and boiling-tubes. A much more efficient end 
is given to the brush by removing the sponge and bending 
back the end of the wire stem upon itself at a point just above 



Fig. 23. 
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where the hairs commence (fig. 23 5). By slightly curving 
the part of the stem carrying hairs, the brush will better adapt 
itself to curved surfaces such £is those of porcelain dishes. 

Test'tiihes whilst in use are placed in the test-tube stand; 
boiling-tubes may be supported in the wicker-basket, or in a 
specially made stand. When washed they should be placed 
to drain mouth downwards in the wicker-basket. 

Gl<i88 funnels should have their narrow stems cut off to 
within about half an inch from the shoulder; the sharp 
outer edge must then be removed by rubbing it with the 
face of a triangular file. The inside of the narrow neck 
is best cleaned by washing it with a common tobacco-pipe 
cleaner, inserted from the shoulder of the funnel so as not to 
cut the hairs by the edge at the other end of the neck. 

15. Platinum foil and wire are cleansed by boiling them in 
hydrochloric acid and rinsing off the acid with water ; the 
wire should then be strongly heated for some time in the 
blowpipe flame untQ, on being dipped into pure strong hydro- 
chloric acid, it no longer colours the Bunsen flame. If the 
tip of the wire cannot be thus cleansed it should be cut off. 

Commercial platinum often contains barium, and the wire 
made from it therefore gives a green colour to the flame ; such 
wire is useless for flame coloration tests and for spectrum 
analysia 

It is best to keep the foil or wire in a small beaker or dish, 
containing strong hydrochloric acid diluted with sufficient 
water to pervent it from fuming ; the platinum will thus be 
ready for use after having been rinsed with water. 

16. Before putting by apparatus it should be made a rule 
to wash all glass and porcelain which is not in actual use, 
and place it in the wicker-basket to drain ; the basket is put 
away with its contents. 

All iron apparatus should be carefully dried, and must be 
kept in a dry place to prevent rusting. On no account must 
metal apparatus he kept in the mcJcer draining basket 

17. Heating glass and porcelain. — A few general pre- 
cautions should be observed in heating glass and porcelain 
vessels, to guard against cracking them. 
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A vessel containing a liquid must never be heated by the 
flame above the level of the liquid inside. 

A dry hot vessel must be allowed to cool before pouring in 
any liquid, or placing it on a cold surface. See also (18, 19). 

18. Porcelain dishes are generally used for boiling liquids ; 
they are supported on a tripod or retort stand, and may 
be safely heated by the naked flame. Porcelain crucibles 
are used for containing solid bodies which are to be strongly 
heated; they are supported on a pipe-clay triangle placed 
upon the ring of a retort-stand or upon a tripod-stand : the 
flame should not be allowed to play steadily at once upon 
the bottom of the crucible so as to heat it suddenly, but 
should be constantly shifted by moving the burner, until the 
porcelain is hot. The crucible should also be allowed to 
cool slowly on the triangle, as contact with a cold body is 
very apt to crack it ; the crucible and its cover whilst hot are 
handled by the crucible tongs. 

19. Glass vessels require to he heated more cautiously than 
porcelain : a large naked flame must never be allowed to play 
for any length of time on any one part of the glass surfaca 
In heating a test-tube or boiling-tube, this " local heating " is 
prevented by holding the tube obliquely with the lower part 
in the flame (fig. 1) and moving it gently up and down, or 
by constantly turning it round on its axis. Test-tubes are 
too narrow for boiling liquids in, the liquid being very apt 
to boil over. Small quantities may be boiled and larger 
quantities heated short of boiling in a test-tube, but the 
broader "boiling-tubes" are best suited for this purpose. 
Large glass flasks, such as the wash-bottle, are most safely 
heated by placing them on a piece of wire gauze on a tripod- 
stand (fig. 10, p. 22) and heating with a rose-burner ; in some 
laboratories a sand-bath is available, the flask is then heated 
by being placed on the surface of hot sand. Test-tubes, if 
not full of liquid, can be held by the neck whilst being 
heated, if the tube be held obliquely so that the fingers are 
not over the flame. All risk of burning the fingers is avoided 
by bending round the neck of the tube a slip of folded paper or 
of leather, and pinching the ends together close to the tube. 



SECTION III. 

ANALYTICAL OPERATIONS. 

The student, before commencing the analytical reactions, 
must become familiar with the operations which are constantly 
employed in analytical chemistry. The processes will be 
most readily and perfectly understood by reading the follow- 
ing descriptions, and performing the experiments given in 
illustration of them. 

20. Solution, — Many solid substances, if stirred or shaken 
with water, gradually " dissolve " in that liquid ; salt and 
alum may be mentioned as examples. Other liquids may be 
employed instead of water, and if they cause the solid sub- 
stance immersed in them to become partially or entirely 
liquid and mingle uniformly with the liquid, they are said 
to "dissolve" the solid, the liquid thus obtained being 
called a "solution" of the solid, and the liquid which dissolves 
the solid being termed the " solvent." Thus water, when 
shaken with sodium chloride (common salt), dissolves it, 
yielding solution of sodium chloride j and water is therefore 
called a solvent for sodium chloride. Further, a solid which 
dissolves in a liquid is said to be " soluble " in that liquid, 
if it does not dissolve it is said to be "insoluble." 

The process of solutiou is more rapid when the solid sub- 
stance is employed in the state of powder than when it is 
in large lumps, since a larger surface of the substance is 
exposed to the solvent by the powder; it is also much hastened 
by heating the solvent, which causes a more rapid circulation 
of the liquid over the solid, and also frequently increases the 
solubiUty of the substance. 

Two kinds of solution may be distinguished. "Simple 
solution " occurs when a substance dissolves in a liquid with- 
out alteration in composition, the solution possessing th&t^- 
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fore the taste, colour, and other general properties of the 
solid, and yielding the solid substance again when the solvent 
is removed by " evaporation." Solution of sodium chloride 
in water is an example of a " simple solution." 

" Chemical solution," on the other hand, is always attended 
by a chemical change in the substance to be dissolved ; and 
since the solution therefore contains a substance differing in 
composition from the undissolved solid, the properties of the 
solution are usually not the same of those of the undissolved 
solid, and on removing the solvent by evaporation the original 
substance is not obtained. 

In dissolving solid substances in liquids, test-tubes, porce- 
lain basins, or small glass flasks are generally employed. 

Exp. 33. — ^Place a piece of potassium nitrate (nitre) in a 
small clean beaker, fill the beaker one-third with water*, and 
stir the solid about in the water with a glass rod ; the potas- 
sium nitrate will slowly dissolve in the water ; if the liquid 
be heated the solution will be much more rapidly effected. 
Powder another piece of potassium nitrate by crushing it and 
then rubbing it in a mortar with the pestle; place this 
powder in a test-tube, pour in water, and heat the bottom of 
the test-tube ; the potassiiun nitrate will dissolve much more 
rapidly than before, showing that solution is accelerated 
by powdering the solid and employing heat. Keep these 
solutions. 

Exp. 34. — Powder a little copper sulphate (blue vitriol) in 
a mortar, place it in a small porcelain dish, half fill the dish 
with water, and heat it on a tripod or retort-stand. The hlvs 
copper sulphate dissolves, yielding a hltie solution. Keep 
this solution. 

These two experiments are both examples of " simple solu- 
tion." Exp. 33 shows that a colourless solid gives a colour- 
less solution. Exp. 34 proves that a coloured solid gives a 
coloured solution. This is generally true, and hence we can 
often infer the presence or absence of a coloured substance in 
a solution by merely noting the colour of the liquid. More- 

* Here and in all subsequent cases water must l)e understood to signify 
distUled water. 
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over, if a drop of the potassium nitrate solution be tasted, it 
will be found to possess the same taste as the solid ; chemists 
occasionally rely upon taste, as well as upon colour, when 
examining '' simple solutions." 

Exp. 35. — Place in a test-tube a small piece of calcium 
carbonate (marble or chalk), pour upon it a little water, 
and heat the tube; the calcium carbonate will be found 
to be " insoluble " in water. Add to the water some hydro- 
chloric acid: "effervescence," or escape of numerous small 
bubbles of gas, will occur; the piece of calcium carbonate 
will meanwhile slowly diminish in size, and will at last 
entirely disappear in the liquid if sufficient acid is added. 

Exp. 36. — Place in a test-tube a small piece of copper; 
on warming this with a little water it remains undissolved, 
but on adding to the water some nitric acid and heating, the 
copper slowly dissolves giving off red fumes, and will be 
entirely dissolved if sufficient nitric acid is employed. 

Experiments 35 and 36 are examples of " chemical solu- 
tion"; the calcium carbonate is changed by the hydrochloric 
acid into calcium chloride, and this substance, not the calcium 
carbonate, remains in solution. The copper is changed into 
copper nitrate, which is then dissolved by the water. It will 
be noticed that in both these cases a gas is given off; this is 
a very usual, but not a universal, effect during " chemical 
solution": the distinguishing fact is that the solid substance 
which is to be dissolved has undergone a chemical change in 
the act of passing into solution. 

21. JSvajporation, — ^When it is wished to obtain a sub- 
stance, which is dissolved in a liquid, in the solid condition, 
the liquid is boUed away as vapour, or "evaporated"; the 
solid substance is then left behind in the vessel 

Exp. 37. — ^Pour the potassium nitrate solution from 
Exp. 33 into a porcelain evaporating basin, place the basin 
on a tripod-stand and boU it over the Bunsen flame until 
the water has been nearly boiled away, then make the flame 
smaller and continue heating until the water has disappeared: 
the solid potassium nitrate is left in the dish. 

In evaporating a solution, a small flame oi a TO^^\y(\m^ 
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should always be used towards the end of the process, and 
the flame should be moved about if necessary, else some of 
the substance will spirt out of the dish. 

Often a part only of the liquid is evaporated, for the purpose 
of "concentrating" the solution, i.e., making it stronger by 
removing a portion of the solvent. A solution, when suffi- 
ciently concentrated, wiU often form " crystals " of the dis- 
solved substance if allowed to stand till cold. 

Exp. 37 a, — Concentrate the copper sulphate solution made 
in Exp. 34, and allow it to cool ] if sufficient water has been 
evaporated it will form crystals. Keep the copper sulphate 
in the dish. 

22. Precipitation.— Tvfo perfectly clear and transparent 
solutions, on being mixed together, often become more or 
less turbid and opaque, owing to a solid insoluble substance 
being formed in the liquid. A solid substance so formed in 
a liquid is called a " precipitate." 

Exp. 38. — Pour into a test-tube some barium chloride 
solution, and then some ammonium carbonate solution; a 
white precipitate is formed owing to the production of in- 
soluble solid barium carbonate. Keep this test-tube with the 
precipitate. 

In the above instance barium chloride and ammonium 
carbonate separately dissolve easUy in water, but if their 
solutions are mixed they yield by a chemical change two 
different substances — ammonium chloride and barium car- 
bonate ; the former of these dissolves in water, but the latter 
(like marble) is insoluble, and therefore remains as a fine 
powder in the liquid. 

Substances are very frequently removed or separated in 
analysis by causing them to form insoluble compounds or 
precipitates with other siibstances which are added for the 
purpose. 

In producing a precipitate, care must be taken that the 
two solutions aro well mixed ; this mixture may be effected 
by closing the mouth of the test-tube with the thumb and 
several times inverting it, or often by simply warming the 
bottom of the test-tube in the flame ; mixture may also be 
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effected by stirrmg with, a glass rod, or by pouring the liquid 
from one vessel to another : the last three methods are to be 
used when the liquid present is corrosive, and therefore must 
not be allowed to touch the skin. A precipitate which 
does not form readily is often caused to appear more rapidly 
on thoroughly mixing or agitating the liquid by the above 
means, or by heating it 

Precipitates produced with different substances differ much 
in appearance and properties ; hence a precipitate is frequently 
formed to show the presence of a substance or to separate one 
substance from another. Substances thus added to produce 
precipitates are called " reagents." 

The appearance of a precipitate is usually described by its 
colour and its condition : it is " flocculent " if it forms in 
flock-like masses, ** crystalline " if in small particles which 
are seen to be crystals under a lens or microscope, " gelati- 
nous " if jelly-like, &c. A slight precipitate causes only a 
" turbidity " in a liquid. 

The colour of a precipitate or liquid is often invisible or 
falsified by gaslight ; if the colour is to be seen at night, it 
should be examined with the light produced by a piece of 
burning magnesium ribbon. 

Occasionally solid substances are used to produce precipi- 
tates : thus one metal is not unfrequently precipitated from 
its solution by immersing in the liquid another metal 

Exp. 39. — ^Dip a clean penknife blade into some of the 
copper sulphate solution left from Exp. 37 a, to which a few 
drops of sulphuric acid have been added ; after a short time 
the metal copper is precipitated from its solution 
and covers the iron as a red film. ^^®* ^^' 

23. Filtration and decantation, — It is fre- 
quently necessary to separate a precipitate from 
the liquid in which it is suspended. This is 
effected either by filtration or decantation. 

23 a. Filtration is performed by pouring the 
liquid containing the precipitate upon some porous paper; 
the liquid itself runs through the pores of the paper, but the 
solid particles of the precipitate cannot pass through^ and 
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remam on the surface of the paper. The paper employed is 
called " filtering paper," and the liquid which runs through is 
termed the "filtrate." A filtrate may frequently be coloured 
by some substance dissolved in it, but it must always be per- 
fectly clear and free from turbidity caused by solid particles 
suspended in it. 

Exp. 40. — Measure a glass funnel from its shoulder to its 
edge along the sloping side (fig. 24), cut a square of filter- 

FiG. 25. 




paper whose edge is rather less than double this length, fold 
it across first along the dotted line (fig. 25 a), then again as 
shown by the dotted line in fig. 25 b ; this gives a square 
(fig. 26 c) which at one angle has four free comers, these are 
removed by cutting with a pair of scissors along the curved 
dotted line shown in fig 25 c ; the " filter" is now made and 
merely requires to be opened ; by separating the edges, formed 
by cutting off the corners, so that they form a circle, three re- 
maining on one side of the circle and one on the other, a 
little closed pointed paper bag is formed (fig. 25 d) ; this is 
gently pressed with dry fingers into the dry funnel, and the 
folding altered if necessary till it fits tightly into the glass ; 
it is then moistened all over with a little water from the 
wash-bottle, and is ready for .use. 

The preliminary moistening of the filter-paper must not be 
neglected, since if the liquid and precipitate are poured upon 
a dry filter, some particles of the precipitate get between 
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the fibres, which then swell by the wetting, inclosing the 
solid particles and stopping the pores of the filter. 

As an example of the process of filtration, the barium 
carbonate precipitate obtained in Exp. 38 may be filtered off. 
Pour the liquid* containing the precipitate upon the filter, 
the funnel being placed with its neck in a test-tube, and the 
test-tube being supported in a test-tube 
stand (fig. 26) ; care must be taken that the 
inside of the upper part of the test-tube is 
not wetted, else the space between the neck 
of the funnel and the inside of the tube is 
liable to become filled with liquid, and the 
egress of air being thus prevented the filtra- 
tion is stopped. The funnel might also be 
supported upon the ring of a wooden filter- 
stand, and the filtrate be received in a small beaker instead of 
in a test-tube. Take great care not to let the level of the 
liquid in the funnel reach the upper edge of the filter-paper. 
If the above directions have been carried out, and no hole has 
been made in the paper whilst preparing the filter, the filtrate 
will run through perfectly clear leaving the barium carbonate 
on the filter. Keep the funnel, filter, and precipitate. 

Circular filters can be purchased ready cut, and only re- 
quiring to be folded twice to be ready for use. The filter 
must always be of such size that when placed in the funnel 
its edge is below the rim. Sometimes the filtrate runs through 
turbid ; it can then usually be made quite clear by passing 
the whole, or the first portions, of the filtrate once or twice 
again through the same filter ; but with many precipitates a 
double filter should be used, a double filtration being thus 
performed in one operatiou. 

It should be borne in mind that hot liquids run through 
a filter much more quickly than cold ; hence, if not inadmis- 
sible for other reasons, a solution should always be boiled 
beforfe being filtered. 

Note. — Common filter-paper contains a little calcium carbonate, 
which is of no importance in ordinary analyses, and is only objectionable 
when a substance has to be examined for traces of caleipim. To remove 
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this impurity in special analyses, the filters are moistened in a funnel 
with dilute hydrochloric acid, and then well washed with distilled 
water. 

23 &. Decantation. — Precipitates which settle rapidly and 
completely in the liquid in which they are formed may fre- 
quently be separated from that liquid without the use of a 

filter. The vessel is allowed 
^^^' 27. to stand at rest until the 

precipitate has completely 
settled, and the liquid is 
then carefully poured off or 
"decanted" by allowing it 
to run gently down a wetted 
glass rod which is pressed 
• against the edge or lip of the 

vessel (fig. 27), the precipitate being left in the vessel. This 
process, if carefully performed, effects a fair separation of 
heavy precipitates. The precipitate obtained by adding sul- 
phuric acid to some boiling solution of barium chloride may be 
separated by decantation. Keep the precipitate in the test-tube. 
24. Washing precipitates, — ^A precipitate which has been 
filtered from the liquid in which it was suspended has often 
to be washed until it is perfectly free from the adhering 
liquid : this " washing " is performed as described under 24 a 
if the precipitate has been separated by filtration, and by 
24 & if by decantation. 

24 a. Exp. 41. — Support the funnel, which contains the 
filter and barium carbonate precipitate from experiment 40, 
with its neck in a beaker or fiask ; and blow in a fine stream 
of hot distilled water from the wash-bottle, so directed by 
moving the jet with the fijigers as to stir up the precipitate 
well : in this way fiU the filter to within a short distance 
from its edge; let this water run through perfectly, then 
nearly fiU the filter again in the manner just described; 
repeat this process two or three times, letting the liquid run 
through perfectly each time before putting in a fresh quantity; 
the water running through from the third or fourth washing 
will usually be quite tasteless, and the precipitate and filter 
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will be freed from everything soluble in water. Boiling, 
or at least hot, water should always be used for washing 
pniposes, as the process is thus rendered much more rapid. 

24 6. Washing by deeatUation. — Heavy precipitates, after 
having been separated from liq[uids by decantation, are washed 
also by the same process. The precipitate is shaken or stirred 
with distilled water, and allowed to settle ; when the water 
has become quite clear it is poured off (fig. 27). £y several 
times repeating this washing process with addition of fresh 
portions of distilled water, the precipitate may be entirely 
freed from adhering solutions. 

The precipitate of barium sulphate, remaining in the test- 
tube from the experiment at the end of 23 h, may be thus 
washed by decantation. 

26. Drying precipitates. — A precipitate is often required 
in a diy condition after it has been filtered 
off and washed. It is dried by placing the ^'" ■*" 

funnel in a hollow tan cone or cyUnder, j ~ 
the filter-dryer (fig. 28), and supporting this 
on a piece of wire gauze upon a tripod-stend 
over the fiame of a rose-bumer turned very 
low ; or the filter-dryer may be placed on a 
gently heated sand-bath. The fnnnol is 
thus heated by the current of hot air, and J 
rapidly dries the filter and precipitate. ( 
Great care must be taken to regulate the 
heat and watch the process, so as not to char the filter. 

A more rapid method of drying a precipitate, after it has 
drained for a time, consists in spreading the filter upon a 
piece of wire gauze supported on a tripod-stand; a small 
flame from a rose-bumer is then placed beneath the gauze, 
, and the filter caiefiilly watehed to avoid charring it. 

A predpitete is partially dried by opening out the filter 
upon several dry filter-papers : this process may precede 
those already mentioned. 

26, BemomTig precipilatea from, the jilier, — When a small 
•quanti^ of a moist precipitate has to be taken from a filter 
to test ite behaviour or closely examine ito appearance, it is 
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most readily removed by dipping the end of a glass rod into- 
the precipitate ; by touching a watch glass or the interior of 
a test-tube with the end of the rod, a small quantity of the 
precipitate is deposited for examination. 

If the precipitate is to be removed from the filter as com- 
pletely ae possible, several methods are available ; one or other 
must be chosen according as circumstances render it suitabla 

a. The bottom of the filter may be pushed out through 
the neck of the funnel with a glass rod, which is smalF 
enough to pass easily through the neck (11 a), and the precipi- 
tate may then be washed down into a vessel beneath with 
a fine stream of water or other liquid from the wash-bottle. 

b. Without breaking the filter the funnel may be held 
with its neck horizontal, and the rim just inside the edge of 
a porcelain dish (fig. 29), the precipitate is then washed out 
by directing a fine stream of water from a wash-bottle against 
the sides of the filter. 

c. The filter and precipitate are allowed to stand for some 
time, so as to drain off as much water as possible ; the filter 

is then carefully taken out of the funnel, 
Fio. 29. partially dried if necessary by laying it 

upon several folds of filter-paper, and 
after removing the portions of the paper 
which contain no precipitate, together 
with the empty fold*, it is spread out 
inside a porcelain dish ; the liquid with which it is to be 
treated is poured upon it, and by shaking the dish so as to 
cause the liquid to move round and round, and occasionally 
carefully stirring the precipitate with a glass rod, the precipi- 
tate is washed off the paper without tearing the latter to 
pieces. The paper is then carefully removed by a glass rod. 

d. If it is undesireable to add a liquid to the precipitate 
upon the filter, the filter and precipitate, after draining for a 
short time, are removed from the funnel ; the filter is spread 

* Filters may be made without this fold, by cutting one of the round 
papers (fig. 25 a) through across one of the folded diameters, bringing the 
cut edges together, and sharply folding them over several tames, pressing 
them with the nail ; if properly made, such a filter is perfectly impervious, 
to the precipitate. 
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out upon a flat piece of glass and the precipitate carefully 
scraped off with a glass rod or a small spatula If the 
precipitate is required dry, the filter, after removal from the 
funnel, may be carefully opened and spread upon several 
thicknesses of filter-paper to drain. When there is a large 
quantity of the precipitate a sufficient quantity may be 
removed on the end of a glass rod or spatula, without taking 
the filter out of the funnel This method is usually the most 
imperfect, but is frequently the best for other reasons. 

6. A precipitate has sometimes to be dissolved off the 
filter ; the hot liquid used as a solvent may then be poured 
upon the precipitate, it will run through the filter into a vessel 
below, taking with it the precipitate in solution : the liquid, 
after it has run through, should be heated again, and once 
more poured upon the precipitate, if the latter is not entirely 
dissolved ; this re-heating and returning of the liquid to the 
filter should be continued as long as anything is dissolved ; 
any remaining portion of the precipitate must then be 
removed by a little fresh solvent. 

/. A precipitate, if small in quantity, may also be rinsed off 
the filter with the liquid with which it is to be treated or 
dissolved. The funnel is placed with its neck in a test-tube, 
the liquid is poured into the filter from another test-tube, 
and the precipitate is quickly stirred up with the liquid with 
a glass rod thin enough to pass down through the neck of 
the funnel; the bottom of the filter is then pushed out 
through the neck by the glass rod, and the liquid carrying 
most of the precipitate will run through ; if some of the 
precipitate remains on the filter^ the same liquid is poured 
through the filter again into the other tube, and by thus 
pouring backwards from one tube to another all the precipi- 
tate may be removed. 

Note, — ^The greater part of a precipitate may often be re- 
moved by a dean knife or spatula, and the remainder by 
some one of the foregoing methods. 

Exp. 42. — Remove the precipitate of barium carbonate 
remaining from Exp. 41 from the filter by one of the above 
processes, using hydrochloric acid as a solvent for m!&\>\vo^ e. 
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27. Ignition. — Solid substances occasionally require to be 
heated strongly or "ignited." This process of ignition is 
employed with various objects. 

1^. In order to see what effect strong heat has upon a 
substance, since by this means we can frequently detect its 
composition. For this purpose we use small tubes made 
from hard glass tubing (10), or small test-tubes. 

Exp. 43. — Heat a little mercuric oxide in a small tube of 
hard glass, after a short time minute shining drops of the 
metal mercury will be seen on the upper part of the tube ; 
if then a small splinter of wood with a spark at its end be 
held in the tube, it will burst into flame. The behaviour of 
this red powder on being " ignited," therefore, shows it to 
contain the elements mercury and oxygen. 

Substances are often heated on platinum foil with the 
same object. Thus a little charcoal powder when heated on 
platinum foil bums away. 

2d. — Ignition is also used as a means of separating from 
a solid mixture substances which are " volatile," or which 
change entirely into vapour when heated ; these are driven 
off by heat from other substances which are " non-volatile," 
or can be strongly heated without changing into vapour, and 
which therefore remain behind. 

Exp. 44. — Heat a small piece of ammonium chloride on a 
strip of platinum foil held in the flame by crucible tongs ; 
the ammonium chloride being volatile will give off white 
fumes, which are best seen by removing it from the flame 
for an instant, and the solid substance will slowly disappear 
or « volatilise.." 

Heat in the same way a small piece of potassium chloride ; 
this will melt, but will not disappear, since it is only slightly 
volatile. It will become solid again on cooling. 

Hence, if from a mixture of ammonium chloride and 

potassium chloride, the potassium chloride is to be obtained 

alone, the mixture would be strongly heated for some time, 

when the ammonium chloride would be removed as vapour 

.leaving the potassium chloride behind. 

28. Sublimation is the process of heating solid sub- 
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stances and converting them into vapour, then cooling this 
vaponr so as to " condense " it or render it solid again. A 
volatile substance may thus be obtained free from other sub- 
stances which are not volatile or only slightly so. 

Exp. 45.— Heat a small piece of ammonium chloride in a 
tube of hard glass closed at one end and two or three inches 
in length; it changes into vapour, which again cools into 
solid ammonium chloride on the upper part of the tube. 
This is an example of the process called '^ sublimation,'' and 
the solid substance at the upper part of the tube is a 
" sublimate." 

29. Fusion, — Substances are often melted or "fused" 
together to cause certain chemical changes to occur between 
them. Melting or "fusion" is performed sometimes on 
platinum foil, but often in porcelain or platinum crucibles. 
For fusion in a crucible an intense heat is often requisite ; 
this may be obtained by using the blowpipe flame, but the 
Bunsen flame will usually suffice if the crucible be sur- 
rounded by the conical filter-dryer (fig. 28, p. 47) which 
steadies the flame and increases the draught. 

Exp. 46. — Place upon a slip of platinum foil a mixture of 
powdered sodiiun carbonate and potassium nitrate, then a 
very small quantity of manganese oxide ; hold the foil with 
crucible tongs in the top of the Bunsen flame, or heat the 
under surface of the foil with the blowpipe flame. The mass 
will melt or fuse ; it is kept in a melted state for a short 
time and then allowed to cool, when a bluish-green mass is 
obtained. The production of this colour is due to the pre- 
sence of sodium manganate formed by the fusion; this 
colour on fusion with sodium carbonate and potassium 
nitrate is produced only when manganese is present, and is 
therefore a test for that element. 

30, Use of the Uowpijpe, — The blowpipe is used, as has 
been already explained (4), to obtain an intensely hot flame 
which may be made to play in a convenient direction upon 
any substance to be heated ; it is very useful for analytical 
purposes, since by its skilful use the composition of an un- 
known substance, when ascertained by other msdSi^) casL 
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usually be confinned ; and with many substances (especially 
minerals) a complete, or at any rate sufficient, analysis can 
be made by the blowpipe alona The way in which the 
flame is obtained has been already explained (4). 

In a well-formed blowpipe flame two parts may be dis- 
tinguished : the " inner flame," which is blue and pointed, 
and around and beyond this an almost colourless flame, '^ the 
outer flama" The inner flame is often called the " reducing" . 
or "deoxidising flame," because it separates or "reduces" 
metals from their oxides and compounds, and in general 
" deoxidises " substances ; the outer flame is also known as 
the " oxidising flame," because it changes metals into their 
oxides, and " oxidises " many other substances. These two 
flames also produce other distinctive effects. 

The " inner flame " is best obtained of large size by placing 
the tip of the blowpipe nozzle only in the very edge of the 
flame, or even just outside it : the " outer flame " is best ob- 
tained by putting the nozzle much further into the gas 
flame. It may also be noted that the " reducing flame " is 
furnished most readily by the luminous gas flame, the " oxi- 
dising flame" is most easily and perfectly formed from a 
Bunsen flame which contains some air, and which is obtained 
by either leaving the air-holes at the foot of the burner 
entirely open or by only partially closing them. 

There are several purposes for which the blowpipe is 
employed in analytical chemistry with which the student 
should become familiar ; the following experiments will 
exemplify the most important of them. 

31. Exp. 47. — Borax head, — ^Place a little borax, which 
has been finely powdered in a mortar, upon a watch glass ; 
moisten the loop of a piece of mounted platinum wire (12) 
with water or in the mouth, and dip it into the powdered 
substance, then hold the loop with the adhering powder in 
the blowpipe flame until the borax melts ; if this is insuffi- 
cient when melted to form a bead which fills the loop, dip 
the loop with the melted substance upon it again into the 
powder, more powder will adhere and may be melted in the 
flame ; in this way powder is to be constantly added until 
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when held in the flame a liquid drop or bead is produced which 
completely fills the loop. This bead must be perfectly colour- 
less and transparent on cooling. Keep the bead on the wire. 

If the melted bead easily drops from the wire, either the 
loop or the bead is too large and must be lessened in size. 
The most convenient sized] loop is one which is rather less 
than one-eighth of an inch across ; it is best made by rolling 
the tip of the wire round a piece of stout wire. If the bead 
is too large, remove a portion whilst it is in a fused condition 
by giving the wire a sudden jerk. 

Certain substances when melted in this bead colour it, and 
as a rule the colour produced by each of these substances 
has some characteristic tint or peculiarity. The colour of 
the bead should be examined after it has been heated, first 
in the outer and then in the inner flame, and must be noted 
both hot and cold. If the bead appears opaque, on account 
of too much of the colouring substance having been intro- 
duced, it can generally be made transparent by shaking ofi 
some of the fused borax, or by flattening the fused bead by 
geatly squeezing it between a small pair of pincers. 

Esp. 48. — Moisten the clear cold borax bead and dip it into 
some powdered ferrous sulphate, thus taking up very little 
of the powder upon it ; then heat the bead and substance 
for a short time in the tip of the outer blowpipe flame, and 
examine the colour of the bead by looking through it at a 
piece of white paper or at a window light ; it will be reddish- 
brown whilst hot, but the colour will become lighter on cool- 
ing ; now heat the bead again for some time in the tip of 
the inner blowpipe flame, its colour will be changed to green. 
These two colours, shown by the borax bead in the outer and 
inner blowpipe flames respectively, characterise the metal iron. 

The fused borax bead is detached by giving the wire a 
sudden jerk ; it may also be removed after cooling by crush- 
ing it on a hard flat surface by a sharp blow with the pestle. 
The wire when not in use diould be kept in dilute hydro- 
chloric acid. Should it not be perfectly clean after washing 
off the acid, the simplest method of cleansing it is to make a 
fresh bead upon the loop and jerk it off whilst melted, this 
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will usually remove all impurity. A borax bead must never 
be used for these purposes until it has been found to be 
perfectly colourless, both hot and cold, when heated in the 
outer blowpipe flame. If the first bead which is made in 
the loop is tinted with any colour, it must be jerked off 
whilst fused and another bead formed with fresh borax, this 
being also thrown off and replaced if not quite free &om 
colour; this process is to be repeated until the bead is 
obtained perfectly clear and colourless. 

32. Flame colorations*. — Many substances give a charac- 
teristic colour to the flame. The blowpipe flame is often 
employed to obtain these colours ; an ordinary Bunsen flame, 
however, although it does not give the colours quite so 
promptly and intensely, answers the purpose welL 

The flame best suited for this purpose is obtained by sur- 
rounding the Bunsen flame with a conical 
Fig. 30. chimney, reaching about two-thirds of the 
height of the flame (flg. 30), and then so regu- 
lating the supply of air entering into the air- 
holes that a small luminous point appeals 
near the top of the flame ; the platinum wire 
is held either in this luminous tip or just 
above it. A filter-dryer also forms a very good 
chimney, being snorted just above the foot 
of the burner on a wire tripod, which may be made by 
bending down the ends of a pipe-clay triangle. 

Exp. 49. — Hold a loop of platinum wire in the inner blow- 
pipe flame, if the wire is clean it will become red-hot without 
colouring the flama If it colours the flame, clean the wire 
by boiling it with hydrochloric acid in a test-tube and then 
rinsing well with water ; or by moistening with strong hydro- 
chloric acid, and heating strongly in the blowpipe flame 
uhtil it no longer colours the flame. If it cannot be thus 
cleansed, cut off the end. Now moisten the wire and dip 
it into a little powdered sodium chloride, or dip the loop into 

* For a more detailed and exact description of flame-tests, see Bunsen's 
paper in the ** Philosophical Magazine " for 1867. 
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some sodium chloride dissolved in water so that when removed 
a drop of the solution remains in the loop ; then hold the loop 
at the tip of the inner blowpipe flame, the outer flame will be 
coloured bright yellow. Eepeat the experiment, placing the 
moistened loop in the upper and outer part of the Bunsen 
flame, the same yellow tint will be obtained. This yellow 
colour is given only by sodium and its compounds. 

Eemove all sodium chloride from the platinum wire loop 
by heating it strongly in the tip of the blowpipe flame until 
it ceases to impart any colour to the flame. Then dip the 
wire into some potassium nitrate solution: this will give 
to the flame a pale violet colour, which is characteristic of 
potassium and its compounds. 

As will be seen subsequently, the examination of flame 
colorations, aided by the use of coloured glasses and of a 
hollow glass prism filled with indigo solution, is of great use 
it ordinary analysis. 

Exp. 49a. — Look at the yellow flame coloration produced 
by sodium chloride through a piece of cobalt glass or through 
the indigo-prism, no yellow colour will be visible. Now dip 
the wire-loop into a mixture of a few drops of sodium 
chloride and potassium chloride solutions, when held in the 
flame only the sodium coloration is seen, but through the 
blue glass or prism the potassium is seen to produce a 
red flame coloration. By means of the blue glass or prism 
then potassium is discoverable in the presence of sodium, by 
which its presence is otherwise masked. 

By far the most perfect method of examining flame colora- 
tions, more especially for the rarer elements or for mere 
traces of the more common ones, is by the use of the spectro- 
scope ; every advanced student should make himself familiar 
with the use of this instrument, at least in its simplest and 
smallest form. A paper on the use of the spectroscope for 
qualitative analysis will be found in the appendix ; this is well 
worthy of the attention of senior students. 

Two platinum wires should be kept in readiness, one to be 
used for borax beads and the other for flame colorations, since 
a loop which has been used for borax colours the flame yellow. 
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38. Ignition on dim-coal in the blowpipe flame. — ^Wood 
chaiGoal fonna a very uaeful support for substances 
which are to be heated in the blowpipe flame. It cannot 
itself be melted, it conducts heat very badly, and possesses 
other properties which render it peculiarly adapted for igni- 
tions. It is, if necessary, sawn into small pieces of the 
required shape and size with a £ne-toothed saw. 

Ignition on charcoal serves chieSj to detect the presence 
of metals; the substance for this purpose is heated either 
alone or mixed with certain other subatances (usually sodium 
carbonate and potassium cyanide) in the inner blowpipe 
flame; globules or scales of the metal ore thus frequently 
produced, also in many cases the oxide of the metal forms 
a characteristic coating or " incrustation " on the charcoal : an 
examination of the colour and properties of the metal or in- 
crustation or of both, will frequently lead to the detection, 
or confirm the presence, of some metal Charcoal is apt to 
leave a white ash when heated alone in the blowpipe flame ; 
this must not he mistaken for an incrustation. A powder 
frequently requires to be moistened with water before being 
heated by the blowpipe flame, in order to prevent the flame 
from blowing it off the charcoal. 

Exp. 50. — Choose a piece of wood charcoal free from large 
cracks, scoop out a email hollow near one end with a knife, 
and place in the hollow a 
^10. 31. small quantity of a misturo 

of powdered lead acetate and 
sodium carbonate or potas- 
sium-oxalate. Heat this 

mixture in the inner blow- 
pipe flame, holding the char- 
coal in such a way that the 
rest of the flame plays over 
its surface (fig. 31). After 
heating for some time bright 
globules of lead will be seen in the cavity, and on remoTing 
the charcoal from the flame, the surface round the cavity 
will be found to be coloured with a yellow "incrustation." 
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K one of the little globules of metal be then taken off the 
charcoal with the point of a penknife, and be struck smartly 
with a pestle on the bottom of a mortar turned upside 
down, it will flatten out into a cake, showing that the metal 
is "malleable" not "brittle." The metal lead is the only 
metal which gives a yellow incrustation and malleable 
globules; this test therefore serves to detect its presence. 

38a. The melted mass left on the charcoal after fusing a 
metallic salt with sodium carbonate is best examined for 

Fig. 32. 




metallic powder or scales by detaching it from the charcoal 
with the point of a penknife, then crushing it in an agate 
mortar or in a watch glass with a little water; on stirring and 
qtdckly decanting the water down a wet glass rod or pestle 
held against the edge of the vessel (fig. 32), the metallic 
powder, if present, will be left ; by repeating this process of 
" levigation," the metal is obtained free from soluble sub- 
stances and charcoal, it may then be further examined by a 
lens or magnet. A mixture of copper sidphate with sodium 
carbonate, when heated on charcoal and "levigated" as 
directed above, will furnish little red scales of copper : a mix- 
ture of ferrous sulphate and sodium carbonate will yield a 
grey powder consisting of metallic iron, which, when touched 
with the point of a magnetised knife, will become attached to it. 

34. Use of test-jpapers, — Certain vegetable colours undergo 
remarkable changes when acted upon by chemical substances. 
Some of these are used for analytical purposes ; the following 
experiment will explain how they are made use of. 

Exp. 51. — Boil some pieces of a common red ^iakXi\i%- 
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cabbage leaf in water; a blue liquid will be produced. 
Pour some of this liquid into a test-tube and add several 
drops of hydrochloric acid, the colour will change to bright 
red ; to another portion of the blue liquid add several drops 
of ammonia, the colour changes to green ; to a third portion 
of the blue liquid add a little ammonium chloride solution, 
the colour remains unchanged. 

Mix in a test-tube a little ammonia solution with three 
times as much distilled water, and add this weak ammonia 
gradually to the liquid reddened by several drops of hydro- 
chloric acid; by careful addition the blue colour may be 
exactly restored, the acid previously added being "neutral- 
ised " by the ammonia. 

Exp. 52. — Pour some blue litmus solution (made by boil- 
ing solid litmus in water and filtering) into three test-tubes ; 
to the first add hydrochloric acid drop by drop until it turns 
distinctly red, preserve this liquid ; to the second add am- 
monia solution, the liquid remains blue; to the third add 
ammonium chloride solution, the colour will not be affected. 

Divide the reddened liquid into three parts ; to one part 
add ammonia solution, the original blue colour is restored ; 
to another part add hydrochloric acid, the red colour is un- 
changed ; to the other part add ammonium chloride, the red 
colour remains unaltered. 

These experiments may also be made with litmus test- 
papers, which are prepared by soaking paper in the blue and 
red liquids respectively, and allowing it to dry. 

Exp. 53. — Eepeat the preceding experiment, using the 
litmus papers instead of the solution, and moistening them 
with the liquid by dipping a glass rod into it and then 
touching the paper with the moistened end; the results 
mentioned in Exp. 52 will be obtained. 

It will be seen then that the three substances employed 
differ in their action on litmus test-papers, as follows : — 



Hydrochloric acid . 
Ammonia .... 
Ammonium chloride 



reddens blue litmus 

does not affect „ „ 



does not affect red litmus 
blues „ 

does not affect „ „ 
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Each of these substances is a sample of a whole class^ the 
members of which resemble it in their action on litmus. 

The class of acid substances^ mcluding sulphuric acid, nitric 
acid, &c, and many metallic salts, resemble hydrochloric acid 
in reddening blue litmus and not affecting rod. 

The class of alkaline substances^ including potassiumhydrate, 
sodium hydrate, &c, and many salts of the alkalis, resemble 
ammonia in blueing red litmus and not affecting blue. 

The class of neutral substances^ including potassium chlcfr- 
ide, sodium chloride, &c., resemble ammonium chloride in 
not affecting either blue or red litmus. 

Hence in analysis we use red and blue litmus-papers to 
test whether a liquid is " acid," " alkaline," or " neutral" 

The red cabbage liquid, as will be seen, is better suited for 
a test-paper than litmus, since one paper shows both alkalis 
and acids ; but the colour is very apt to spoil with keeping. 

Sometimes a liquid in which a coloured precipitate is sus- 
pended has to be tested by litmus-paper, the precipitate then 
frequently hides the colour of the paper when a drop of the 
liquid is placed upon it. In such a case moisten the paper 
with a drop of liquid, and wash the liquid off after a short 
time with a stream of distilled water from the wash-bottle ; 
the colour of the paper is then distinctly seen. 

35. Making neiUral, acid, and alkaline, — ^An acid substance 
by being mixed with a proper proportion of an alkaline sub- 
stance becomes '* neutral ; " similarly an alkaline substance is 
rendered " neutral " by mixture with a proper quantity of an 
acid. Thus by mixing hydrochloric acid and ammonia in the 
proper proportions, the neutral substance ammonium chloride 
is formed ; the acid is then said to be " neutralised " by the 
alkali, or the alkali by the acid. 

It is often required to " neutralise " an acid with an alkali 
or vice versd; the following experiment will show how this 
process of neutralising an acid is performed. 

Exp. 64. — Pour a little hydrochloric acid into a porcelain 
dish, add to it ammonia several drops at a time, keeping the 
hquid constantly stirred with a glass rod, and occasionally 
touching a slip of blue litmus-paper with the end of the tod 
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moistened by tlie well-stirred liquid ; as soon as the paper is 
only faintly reddened by the liquid, the ammonia is added 
very carefully, stirring well after the addition of each drop, 
and trying the action of the liquid by touching the wet glass 
rod against first blue and then red litmus-paper, waiting 
a short time to give the liquid time to act on the paper. 
When the colours of both blue and red paper remain un- 
affected, the process of " neutralisation " is completed. 

It is well to add dilute ammonia towards the end of the 
process ; this is prepared by mixing a little ammonia with 
three or four times as much distilled water in a test-tube. 

The process of neutralising may often be simplified when 
the liquid is clear and colourless, by dropping into it a small 
piece of blue litmus-paper, the colour of which is noted after 
each addition of ammonia ; the condition of the liquid should, 
however, even in this case be proved towards the end by 
moistening with it both red and blue paper. 

The process of neutralising an alkali with an acid is pre- 
cisely similar to that of neutralising an acid with an alkali, 
except that red litmus is at first used instead of blue. 

35 a. It wiU be readily imderstood from what has been 
said above, that if an alkaline or neutral liquid is to be 
" acidified," acid is added gradually as was described in the 
preceding experiment, until a drop of the well-mixed liquid 
reddens blue litmus paper. If an acid or neutral liquid has 
to be made alkaline, the alkali is added until a drop of the 
liquid turns red litmus blue. These processes are often 
termed adding acid or alkali " in excess." 

85 b. Yellow turmeric paper is occasionally employed in- 
stead of red litmus to test for alkalis, which turn it red- 
dish-brown j it is unaffected by acids, with the exception of 
boracic acid. The most important use for turmeric paper is 
to test for boracic acid, the solution of which, if dried on the 
paper at a gentle heat, turns it orange-red. 

Exp. 65. — This may be shown by stirring a little borax 
upon a watch 'glass with dilute hydrochloric acid until it is 
dissolved, then moistening the lower part of a slip of turmeric 
paper with this liquid, and holding it some distance above 
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the flame, or better, placing it in a steam oven until dry ; the 
portion of the slip which was moistened will now appear 
reddish-brown, the colour being well seen by contrast with 
the light yellow upper portion of the paper. 



FEACTIONAL SOLUTION, CRYSTALLISATION, 

AND DISTILLATION. 

1. Fractional solution. — Since different substances show 
differences in solubility in water and acids, it is often pos- 
sible by means of solvents to separate the constituents of a 
mixture. This process is termed separation by "fractional 
solution." Illustrate this by making a mixture of powdered 
ferrous sulphate (FeSO^.THgO) and ferric oxide (FegOg) ; 
on warming a portion of this with water, FeSO^.THgO alone 
dissolves, leaving FcgOg : if another portion is warmed with 
HCl, both substances dissolve. 

2. Fractional crystallisation, — If a solution of two dif- 
ferent salts be boiled down in an evaporating basin, one salt 
will usually furnish crystals before the other does, and by 
this process of "fractional crystallisation" a separation of 
the salts may often be effected. Boil down a solution of 
sodium chloride (NaCl) and nitre (KNO3) : NaCl will crys- 
tallise out of the boiling liquid in hollow cubes, and on cool- 
ing prisms of nitre will separate. 

3. Fractional distillation, — Liquids which boil at different 
temperatures may often be separated by distillation (p. 24) ; 
that part of the mixture which first distils over consisting 
chiefly of the liquid with the lowest boiling-point, and the 
successive portions of the distillate becoming richer in the 
liquids of higher boiling-points. The process of " fractional 
distillation" may be illustrated by distilling a mixture of 
alcohol and water ; since alcohol boils at a lower temperature 
than water, the first part of the distillate contains the greater 
part of the alcohol, as is shown by its burning and by its dis- 
solving camphor or iodine in quantity. The last portion of the 
distillate does not give these tests for alcohol, and is proved 
to be water by turning dry CUSO4 blue and dissolving it. 




SECTION IV. 
ANALYTICAL REACTIONS. 

Course ofPradicdl Analyais to he pursued by the Student — 
The text is so arranged that two main courses may be framed 
from it in this and the following sections. The one is suited 
to senior students, and dispenses with the training in the 
detection of simple substances, which, although useful as 
a stepping-stone to the full anal3rtical method, is in itself 
of only small importance. The other course is suited to 
junior students, and forms an easy approach to the more 
difficult complete methods of analysis; it teaches the plan 
of analysing simple substances which may contain one acid- 
radicle and one metallic-radicle. This course is therefore 
also suited to those who are learning analytical chemistry 
with the view of preparing themselves for examinations in 
which the candidate is not required to detect more than one 
acid-radicle and one metallic-radicle. These courses are 
described below as the " Senior course " and " Junior course." 

The Senior course consists in working through the analyti- 
cal reactions in Section IV. ; as those for each group are 
completed, several substances whose composition is un- 
known to the student are tested for one member only by 
the " Table of differences " at the end of the group : as soon 
as these are detected with readiness, substances which may 
contain two or more of the members mixed together are ana- 
lysed by the Group-table in Section VI. : a reference to the 
" Table of differences " will show at a glance on what principles 
these Group-tables are founded, and this is further explained 
bya statement following the "Table of differences." This plan 
of working with each Group-table before going on to the reac- 
tions for the next group is to be recommended, since, whilst 
the differences upon which the separation and special tests of 
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the elements in the groups are fresh in the student's memory, 
they are practically applied. The Analytical tables are thus 
gradually rendered intelligible one after another, whilst the 
student is proceeding through the reactions. The book is so 
arranged, however, that the Analytical tables may be left 
until the reactions for all the groups have been finished. 
When all the groups have been worked through in this 
manner, the analysis of substances is commenced which may 
contain any members of any of the different analytical groups ; 
the directions for the systematic method of analysis required 
for this purpose being contained in Section VL 

The Junior cmirse, — Since this is intended to teach only 
the detection of one metallic- and one acid- radicle, the student, 
whilst working through Section IV., omits all those para- 
graphs marked "s" after the number, relating to the separa- 
tion and detection of the mixed members of a group ; and 
after finishing the reactions for each group, he proceeds to 
detect the members occurring singly in several substances of 
unknown composition by the Table of differences and by 
reference to the reactions. After working in this way through 
Section IV., he at once proceeds to analyse simple substances 
by Section V. 

As stated above, this Junior course may occasionally be 
made to precede the Senior with advantage — that is to say, 
the student, after working through the Junior course and 
learning how to detect simple substances, may analyse mix- 
tures containing two or more members of each group by the 
directions given at the end of each of the groups in Section 
IV., and may then proceed to the full method of analysis 
contained in Section VI. 
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INTKODUCTOEY EEMAEKS ON AITALYTICAL 

CHEMISTRY. 

The science of cliemistry reveals to us the fact that every 
substance on this earth, and probably in the universe, con- 
sists either of one kind of matter only, or of two or more 
different kinds which we cannot further separate. Those 
substances which contain only one kind of matter are called 
^'chemical elements"; their number at present amounts to a 
little over sixty. A list of them is given in paragraph 558 
at the end of the book. 

It is not often that these elements occur singly; two or 
more of them are commonly found together either in a state 
of mere "mixture," or united in a much more intimate 
manner by the force of "chemical afl&nity" to form a 
"chemical compound." 

Analytical chemistry or analysis (literally meaning an 
unloosing or separation) teaches us how to discover what 
element, elements, or sometimes what groups of elements, any 
substance of unknown composition contains: it also enables 
us to ascertain whether any particular element or group of 
elements is present in a given substance. In order to become 
a thorough analyst, it is necessary to be intimately acquainted 
with the properties of every element and of the compounds 
it forms with other elements, and therefore efficiency in 
analysis depends in a large measure upon the knowledge of 
what is usually termed "theoretical," or more appropriately 
perhaps "descriptive chemistry." But although we recognise 
a substance by its properties, still a knowledge of all its 
properties is not requisite to enable us to detect its presence : 
for ordinary analytical purposes certain marked properties of 
each element or group of elements are selected, and by 
these properties called "tests" or "reactions" we detect its 
presence. 

The "tests" or "reactions" most frequently selected are 
the following: — 1st, The behaviour of a substance when 
heated under various conditions; and 2d, Its behaviour 
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when mixed mth certain liquid or solid substances: such 
substances, added for analytical purposes, are called reagents. 
Some reagents serve for detecting one element or compound 
only, and are therefore called special reagents; others separate 
or detect a group of elements or compounds, and are called 
group reagents or general reagents : these latter reagents serve 
to separate substances into '^ Analytical groups," as will be 
more fully explained hereafter. 

The student must bear in mind that, although an acquaint- 
ance with the most important reactions of substances is indis- 
pensable to success as an analyst, caution, skill, and neatness 
in manipulation are not less necessary, and the most scrupidous 
attention must be paid to all directions bearing on these matters. 

36. Analytical classification, — The chemical elements are 
frequently divided into two classes — viz., metals and non- 
metals. These classes form, with a slight modification, con- 
venient divisions for analytical purposes. In the class of 
" metals " must be included the hypothetical metallic-radiclo 
ammonium (NH4), also the element hydrogen. The class of 
"non-metals," either singly, or in groups formed by their 
combination inter se or less frequently with a metal, imitc 
with hydrogen and with metals forming " salts " ; the hydro- 
gen salts of these radicals are usually called "acids." Thus 
CI*, SO4, PO4, MnO^ form the hydrogen salts or acids, HCl, 
H2SO4, H8PO4, HMnO^ and the metaUic salts, KCl, MgS04, 
XagPO^, KMnO^: metal-hydrogen-salts or acid-salts, such 
as NaHSO^, N^agHPO^, are also known. The general name 
"acid radicle" is conveniently applied to CI, SO4, PO4, 
Mn04, &c., it being understood that although most of these 
are unisolated compoimd radicles, — /.6., groups containing 
more than one element — some of them are elements ; their 
common property is that of forming in combination with hydro- 
gen and with metals — salts. For analytical purposes, then, we 



* The meaning and use of chemical symbols will be briefly explained 
hereafter (40) ; but the stndent is presumed to be already acquainted with 
them. In par. 668 will be found a list of the symbols of the different 
elements. 
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may separate the substances we have to detect into the 
groups of Metals and Acid radicles. In trying the reactions 
for these substances, it is usual to employ, not the sub- 
stances themselves, but certain compounds — usually salts — 
which contain them. 

For convenience in hasty writing, it is not uncommon to 
employ abbreviations for the compound radicles, especially 
for such as are constantly met with or are of unusual com- 
plexity. In the text the only such abbreviations employed 
are : — 

Am for (NH4), the metallic radicle ammonium. 
T „ (C^H^Og), the acid radicle of tartaric acid and the 

tartrates. 
A „ (C2H3O2), the acid radicle of acetic acid and the 

acetates. 
Cfy ,, (FeCyg), the acid radicle of ferro- and ferri-cyanides. 
Ho „ (HO), the radicle hydroxyl, occurring in hydrates, 

&c. 

37. Analytical groups, — The metals are separated by their 
behaviour with certain general reagents into five principal 
groups, two of these being furthur subdivided into two sub- 
groups. Each of these groups receives a distinctive name — 
either a number from its place in the system, or a 
name from some conspicuous or important member of the 
group, or from the general reagent used to precipitate the 
group. Thus we speak indifferently of the 4:th Group, the 
Barium Group, or the Ammonium-carbonate Group. On pages 
168 and 169 will be found a table showing the analytical 
groups with their distinctive numbers, names, and group re- 
agents placed at the head of each column ; the names and 
symbols of the elements contained in the group are arranged 
vertically beneatL 

It is perhaps well to avoid referring to a group by its 
number, as different analysts number the groups differently, 
and the name thus given is therefore apt not to denote the 
group with certainty. 

38. Method of trying the Analytical reactions in Section. 
IV. — In order to become fidly acquainted with the behaviour 



38.] THE ANALYTICAL REACTIONS. 67 

of different substances with "reagents " and thus to be ablo 
to detect them by their " reactions," each of these reactions 
should be performed with the substance itself or with one of 
its compounds, and the appearances presented carefully ob- 
served, so that the substance would be easily recognised in a 
body of unknown composition by means of those tests. 

The following general rules must be carefully attended to 
in trying the reactions; they may be read through before 
commencing the reactions (par. 47) : — 

1. A solution of the substance which is directed to be used 
must always be employed, unless it is specially stated that 
the solid is required. Solid substances are required as a rule 
only for blowpipe reactions. A solution can be readily made 
from the solid, if necessary, by warming it with water or in 
some cases with dilute acid (529). This is often called the 
"original solution.'' 

2. Commence by taking in a test-tube or small beaker a 
small quantity (about 15-20 c.c.) of the solution of the sub- 
stanca If the solid substance is also required, take some of 
it upon a watch glass. 

3. Pour a small portion of the solution into a perfectly 
clean test-tube, and add the first-mentioned reagent to it. 
The reagent must always be added in small quantity at first ; 
more can be employed afterwards if excess is required. The 
student must from the first acquire the habit of working with 
small quantities both of solutions and reagents. 

For each of the reactions a separate portion of the " ori- 
ginal solution'* is thus poured into a clean test-tube and the 
required reagent added to it. 

4. Before trying each reaction the student must carefully 
read through the whole of the description of the results he is 
to obtain ; he must then perform the experiment, literally 
following out the directions given. He must consider it a 
necessary condition of after success that each result is ob- 
tained precisely as stated in the text, and must never on any 
account pass on until he has conscientiously satisfied himself 
that the statements of the book are true, and that he could 
at any time repeat the test successfully. 
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39. Entry in Note-book, — Each reaction, as soon as it has 
been satisfactorily tried, should be neatly entered in the note- 
book in a short form. Since nothing so much aids brevity 
as the symbolic notation commonly used by chemists, the 
student should invariably adopt this chemical shorthand in 
entering results. A full account and explanation of chemical 
notation may be found in any work on theoretical chemistry, 
and merely a few hints will therefore be given here which will 
be of special use for the purpose of briefly entering reactions. 

40. Chemical notation, — Each element has its correspond- 
ing symbol consisting of one or two letters ; thus S stands for 
sulphur, CI for chlorine. These symbols also stand for one 
atom of each element ; by being written one after another 
they give the formula of a compound substance, showing what 
elements, and how many atoms of each of these elements, its 
molecule contains : thus KCl stands for one molecule of potas- 
sium chloride, a compound of one atom of potassium and one 
atom of chlorine ; PtCl4 stands for one molecule of platinic 
chloride, which consists of one atom of platinum combined 
with four atoms of chlorine, the small figure placed bdow a 
symbol to the right denoting how many atoms of that element 
are present. A number placed before a formula multiplies 
each symbol in that formula ; thus 2PtCl4 signifies two mole- 
cules of platinum chloride, containing altogether two atoms 
of platinum and eight atoms of chlorine. If two or XDi,ore- 
symbols are included in brackets any number placed out- 
side, either before or below the brackets, multiplies each 
symbol contained in the brackets ; thus both Sr(N08)2 and 
Sr2(!Nr03) stand for SrNgOg, and*- this may also be written 
Sr2!N'03. In paragraph 55^ will be found a list of the 
elements, with their symbols and atomic we^hts; para- 
graphs 524, 625, 526, 629, and- 530 contain a 11^ of the 
names and corresponding f ormidsB of all the most common 
compound substances mentioned in the course of the book. 
Symbols and formulse are always used in the text instead of 
names, but the student can readily find the corresponding 
names by reference to the above tables, or to the labels on 
the bottles which should contain both names and formulae. 
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41. Chemical equations, — On adding a " reagent " to a sub- 
stance some change usually occurs which gives rise to an altera- 
tion of colour, or very frequently to the formation of a precipi- 
tate having a certain colour, appearance, or behaviour with 
other liquids, which are characteristic of that particular sub- 
stance, or of some element or group of elements contained in 
it; this change should be briefly described in the note-book in 
words, and then represented by a chemical equation. The rules 
for drawing out an equation may be f oimd in any treatise on 
chemistry; a few general directions only are given here which 
will be of service for the special object in question. 

42. Rules for writing down an equation, — Write down the 
formulsB of the two substances which are mixed together for 
the reaction, with the sign of addition ( + ) between them : 
then write the sign of equality ( = ), followed by the formula 
of the precipitate produced. In a complete equation the 
formulae written on the left-hand side of the sign ( = ) are 
usually called the *' left-hand side " of the equation ; those to 
the right the " right-hand side." Since most of the following 
reactions are cases of "double decomposition" — i.e., cases 
where a mutual exchange of certain elements or groups of 
elements occurs between the two compounds, — a little con- 
dderation will usually show how many molecules of the sub- 
stances on the left-hand side of the equation are required to yield 
the formula for the precipitate, and also whether any other, 
and if so what other, substance is at the same time formed. 

It is always necessary that the number of atoms of any one 
element on both sides of the equation should be equal The 
foUowing are dissected examples :— 

The first test for K (47) :— 

KCl + PtCl4 = K2PtCl6. 
This is simply placing together the substances mixed* and the 
precipitate formed; the equation thus formed is evidently 
not correct, since we have two atoms of K on the right-hand 
side and only one on the left, also 6 atoms of CI on the right 
and only 6 on the left ; but this inequality is at once re- 
moved if we place 2 before the KCl, thus ; — 

2KCl+PtCl4 = K2PtCle. 
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Evidently if tlie above equation is correct the precipitate is 
here the only substance formed, since the number of atoms 
in the substances on the left-hand side is exactly equal to 
that in the substance on the right 
Take now the first test for Ba (69) : — 

BaClg + AmgCOg = BaCO^ + 

This represents the substances mixed and the precipitate 
formed, but evidently the left-hand side of the equation 
contains more than the right (viz., Amg and Clg) ; hence we 
write it fully thus : — 

BaClg + Am2C03 = BaCO^ + 2 AmQ, 

which states that on mixing together barium chloride (BaClg) 
and ammonium carbonate (AmgCOg), we obtain barium car- 
bonate (BaCOg) and ammonium chloride (AmCl). 

In writing out these equations a systematic method should 
be observed. Write down on the left-hand side of the equa- 
tion first the substance whose reaction is being tried, then 
the reagent added ; and on the right-hand side write first the 
formula for the precipitate with a line drawn ov^r it by way 
of distinction, then any substance or substances which may 
be formed with it. 

In the reactions which follow, the formulae of the substance 
used, of the reagent added, and of the precipitate produced 
wiU always be given, these being sufl&cient data to enable the 
student to form the equation ; only where the equation is 
exceptionally difficult or complicated wiU it be given in ftdL 

43. The following contractions are recommended : — 

expt for experiment. I insol, for insoluble. 

2^p. „ precipitate. I sol*^' ,, solution. 

pp**' ,, precipitation. cryst^ ,, crystalline. 

pp^' ,, precipitated. col*^ ,, coloration. 

sol. ,, soluble. i 

44. Examples are given below showing how the reactions 
should be entered in the note-book ; they should be referred 
to as soon as the student commences the reactions for the 
metals : — 
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1st [See pars. 47-60.] 

Potassium (K).— Used KCl. 

PtGl^x stirred on watch glass: yellow cryst"** pp., sol. in much 
water and in EHO, insol. in alcohol : 

2Ka + PtCl4 -g^PtCij. 

NoHT : well shaken in a test-tube : white cryst"** pp., sol. in water, 
KHO, ajid HCl : 

KCl + NaHT - KHT + NaCl. 

Flame coV^ : pale violet, crimson-red through the indigo-prism or 
cobalt-glass. 

Heated in ttihe or on platinum foil ^ solid KCl melted, but gave no 
fumes ; hence not volatile. 



2nd. [See pars. 69-74.] 

Bakitjm (Baj^— Used BaCl, . 

Am^CO^ : white pp., sol. in HA : 

BaCl, + AmjCOg - BaCOg + 2AmCl . 

CaSO^ : heavy white pp., insol. in boilin g HCl : 

Baa, + CaS04 - BaS04 4- CaCla . 

KJJrO^ : light yellow pp., sol. in HCl, in soL in HA : 
BaClj 4- K,Cr04 - BaCrO^ 4- 2KC1 . 

FUvme coV^ : on loop of Pt»wire, yellowish-green colour. 



46. General rules to he observed whilst working, — The 
student should attend carefully to the following precautions, 
which will most materially aid the progress and accuracy of 
his work ; if they are observed from the commencement they 
will not be felt irksome : — 

1. Before commencing work look through the reagent 
bottles belonging to the working bench (524) ; replace any 
which are absent, and arrange the bottles, if necessary, in the 
order indicated on an accessible list, or shown by the number 
on the labels of the bottles, or by the labels on the edge of 
the shelf. Then proceed to fill any which are empty and to 
re-label any whose labels are imperfect or loose. If any of 
the liquid reagents are not quite clear when shaken they must 
be filtered before use. 

2. Arrange the apparatus required for use, on the hinder 
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part of the bench, so as to leave the front free to work upon ; 
this will lessen the risk of upsetting anything. 

3. Before commencing work, all glass and porcelain which 
is not in use should be carefully cleansed, if not already clean ; 
but it is best never to put apparatus away dirty. 

4. In using a reagent bottle take it in the right hand, 
remove the stopper by taking hold of it between any two of 
the fingers, or between the fourth finger and palm, of the left 
hand ; hold the stopper in this way and replace it immediately 
after the bottle has been used. Pour the liquid out at the side 
opposite to that bearing the label, and prevent the last drop 
from running down the outside by touching the lip of the 
bottle either with the stopper or against the clean edge of 
the vessel. Solid reagents should be taken out of the bottle 
on a clean knife-blade or spatula, or with a spoon of wood or 
horn ; or a small quantity should be turned out upon a piece 
of paper or upon the palm of the hand. The bottle must he 
re-stoppered and replaced on the shelf in its proper place with 
the label outwards immediately after use, and must never be 
left standing on the working bench, 

5. If any solution or precipitate has to be put by for some 
time, always label it with a piece of gummed paper bearing 
an inscription or a reference number which is explained in 
the note-book and is sufficient to recall to mind what the 
solution or precipitate consists of : never trust to memory in 
this matter. 

6. Brass crucible tongs must never be employed for hold- 
ing hot evaporating basins containing acids, as some of the 
brass is apt to be dissolved and thus introduced into the 
solution. A hot dish may be moved either by holding it 
with a cloth or by lifting the stand upon which the dish is 
placed. 

7. Liquids only are to be poured down the sinks ; all solid 
refuse, such as soiled filters, broken glass, pieces of charcoal, 
&c., which would tend to stop the holes in the sink, must be 
thrown into a box placed in any accessible position in the 
laboratory, or into a small earthenware jar or vessel placed 
upon each working bencL 
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8. When a student is examining a substance to detect its 
composition, he must fully write down in his note-book each 
test or process, .with the result obtained, as soon as it is com- 
pleted. The analysis is thus written out gradually as it pro- 
gresses : (m no cLCCOunt must the entry of the remits he left 
until the eomjpletimi of the analysis. This rule cannot be too 
strongly enforced, as neglect of it is always attended with loss 
to the b^inner. The most convenient form of entry is that 
of the Analytical Tables. 

%* Cleanliness and neatness in analytical work cannot be 
too carefully attended to : more confusion and error may be 
caused by using dirty test-tubes, beakers, dishes, and funnels 
than would be thought possible by the beginner. 



REACTIONS FOR THE METALS. 

Nbte.^ — In trying through the reactions for the metals, the usual 
analytical order of the groups has been reversed, because the most 
simple reactions occur in the last groups, and they are therefore better 
suited for a beginner. 

GKOUP v.— POTASSIUM GEOUP. 

46. This group includes K, NH^*, Na, Mg. The first 
three metals (K, NH^, Na) are known as the "alkali metals." 

The members of this group are not precipitated by any of 
the five group reagents. 



Potassium (K). — Use KCL 

Refer if necessary to paragraphs 38 and 44 for directions how to work. 

47. PtCfl^ added after a drop of dilute HCl to some of the 
KCl solution on a watch glass and stirred with a glass rod, 
gives a yellow crystalline precipitate (KgPtClg), forming first 
along the lines where the rod has rubbed the glass. 

Stir up the precipitate and pour off the liquid with the 

* A hypothetical metal radical, ** Ammonium." 
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precipitate into three test-tubes ; to one add mucli distilled 
water and heat, the precipitate dissolves : to another part 
add alcohol, the precipitate does not dissolve. Hence this 
precipitate is soluble in water, insoluble in alcohol By 
warming the third portion with solution of KHO, the pre- 
cipitate is also shown to be soluble in that liquid. 

Remarks. — ^The following remarks are of great importance 
in using the above test for K. Since this precipitate is soluble 
in alkalis, the liquid should always be neutral or only faintly 
acid before adding PtCl^ ; and since it is more insoluble in 
alcohol than in water, addition of alcohol causes the precipi- 
tate to form more rapidly in dilute solutions ; owing to the 
solubility of the precipitate in water, very dilute solutions 
must however be evaporated nearly to dryness before apply- 
ing the test. It is always well to add several drops of HCl 
before the PtCl^, and to make sure by test-paper that the 
liquid is acid in reaction. These remarks apply also to the 
precipitate produced by PtCl^ with ammonium salts (52). 

48. jETgT (or better NaHT) mixed with some of the solu- 
tion in a test-tube gives a white crystalline precipitate (KHT) ; 
usually this precipitate appears only when the mouth of the 
test-tube is closed with the thumb and the tube is well shaken 
for some time. 

KCl + NaHT = KHT + NaCl . 
KC1 + H2T = KHT + HC1. 

Shake up and pour some of the liquid and precipitate into 
four test-tubes ; add to these portions, water*, KHO, and HCl 
respectively; on being shaken and warmed the precipitate 
^vill dissolve in each of these liquids. Hence this precipitate 
is soluble in HgO, KHO, and HCL To the fourth portion 
add alcohol; the precipitate does not dissolve, since it is 
insoluble in alcohoL 

Remarks. — In using the above test for the detection of K, 
the precipitate is not obtained at once in dilute solutions. 



* By "water" is always meant "distilled water," unless otherwise 
stated. 
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but its formation is much hastened by the addition of alcohol : 
veiy dilute solutions must first be concentrated by evapora- 
tion. The solution to be tested should be neutral or only 
feebly alkaline : if acid in reaction, the acid should be neu- 
tralised by Na2C08 or boiled oflf if volatile ; feebly acid solu- 
tions may, however, be at once mixed with NaHT ; to an 
alkaline solution H^T should be added till the reaction is 
strongly acid. 

Note, — In the following reactions when a precipitate is stated to be 
soluble or insoluble in certain liquids, it must be proved to be so in the 
manner described in (47, 48) unless different directions are given. 

49. Flame coloration (32). — Hold a loop of platinum wire 
in the flame and see that it gives no colour to the flame : then 
dip it into some KCl solution, or better still, moisten it and 
dip it into some powdered KCl, and again hold the loop in 
the upper part of the flame. A pale violet colour will be 
imparted to the flame if the KCl is pure*; but whatever colour 
is thus seen, the flame-colour will always appear pale blue or 
molet through the thinner portions of an indigo-prism, and 
deep crimaon red through the thickest parts. 

The light of a Bunsen flame itself usually appears pale blue 
through the indigo-prism : this colour should be noted before 
using the prism for examining a flame coloration. 

The flame coloration due to potassium shows in the spec- 
troscope a red line (a) and an indigo-blue line {fi) (557). 

Note, — A piece of blue cobalt glass may be used instead of the indigo- 
prism, but is by no means to be recommended, as the colour of different 
specimens is somewhat variable in shade and in intensity, whereas the 
colour of the indigo can be obtained of an invariable tint, by dissolving 
indigo-carmine in water. 

50. Heat a little solid KCl in a small dry test-tube, or 
better on a piece of platinum foil ; the KCl will mdt but 
will not pass into vapour and produce white fumes unless 
heated very strongly, since K-salts are non- volatile at a moder- 
ate heat. The fused residue is often transparent and invisible 
if in small quantity ; its presence is shown by a slight crack- 
ling being heard during cooling. 

* KNO3 usuaUy gives a purer potassium coloratiQii. 
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Ammonium (NH^, or Am). — Use NH^Cl, (AmCl). 

Note,— The symbol Am is often written for NH4 ; it is very con- 
venient, as it does away with the necessity of nsing brackets : e.g., 
AmaS-(NH4)2S. 

6L KHO * (or NaHO) poured into some of the solution^ 
or upon the solid, in a test-tube and heated gives off NH3 gas : 

NH4CI + KHO = NH3 + KCI + HgO. 

This gas is known by the following properties : — 
a. Its pungent smell — that of common smelling salts. 
h. By turning moistened red litmus-paper blua A small 
piece of red litmus-paper is wetted with distilled water and 
placed upon a clean glass rod, and is then held in the test- 
tube, taking great care not to touch with it the liquid or the 
sides of the tube : the paper becomes blue. 

c. A glass rod dipped into strong HCl or strong HA, 
and held over the mouth of the test-tube, produces dense 
white fumes. 

62. FtCl^ when stirred on a watch glass with some AmCl 
solution gives a yellow crystalline precipitate (AmgPtCl^); 
this precipitate is soluble in water and in KHO, but in- 
soluble in alcohol The remarks at the end of par. 47 apply 
here also. This precipitate if boiled with KHO evolves 
NHg (difference from K2PtCl6). 

63. H^T (or better NaHT) shaken for some time in a test- 
tube witli AmCl solution gives a white crystalline precipitate 
(AmHT), soluble in HgO,. KHO, and HCl, insoluble in 
alcohol The remarks in par. 48 apply here also. 

Note, — ^This precipitate is more soluble than the KHT precipitate, 
and therefore does not form so readily. Indeed with HjT^a precipitate 
rarely forms unless alcohol is added, in which the precipitate is less 
soluble than in water. With NaHT a precipitate is obtained on shak- 
ing the liquid well for some time unless it is veiy dilute. 

64. Flame coloration, — ^AmCl, if pure, gives on platinum 
wire no colour to the flame. 



"* In all cases where KHO is to be used NaHO may be substituted, 
and either EHO or NaHO may be used unless it is specially stated that 
"pure NaHO " is to be employed. 
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55. Heat a little solid AmCl in a small dry test-tube, or 
on a piece of platinum foU ; it will be converted into vapour 
producing white fames, which are seen if platinum foil is 
used by removing the foil for a moment from the flame : 
hence AmCl is volatile. 

If the experiment is performed in a dry test-tube, a white 
coating or " sublimate " forms on the upper part of the tube. 



Sodium (Na). — Use NaCL 

66. Flame coloration. — NaCl gives an intense yellow colour 
to the flame ; the colour is almost invisible or appears pale 
blue when viewed through the indigo-prism, and never slums 
the slightest tinge of red or purple, even when seen through 
the thickest parts of the prism. A crystal of red KgCrgOy 
appears colourless if illuminated by this yellow flame. 
Examined by a small spectroscope, the sodium coloration gives 
a single yellow line (a) (557). 

The yellow colour of the sodium flame is always readily 
seen, since it overpowers that of K ; its production is the most 
reliable, and often the only possible, test for sodium. 

Note, — ^If both K and Na are present, the K coloration is 
unseen and the yellow coloration of Na is alone visible ; but 
on examining this flame through the indigo-prism or cobalt 
glass, the crimson coloration of the K is at once seen; 
prove this by mixing together KCl and NaCl and trying the 
Hame coloration without and with the indigo-prism. The 
spectroscope also shows the lines of Na and K quite distinct 
from one another. 

67. Srnne solid NaCl heated in a dry test-tube, or better 
on platinum foil, melts without producing white fumes 
unless heated very strongly, since NaCl is not volatile at a 
moderate heat. 



Maonbsium (Mg.) — Use MgS04.7H20 solution. 

68. NaJIPO^ added after AmQ and AmHO gives a 

* NaAmHP04 is better than Naj,HP04 ; since it produces the precij i- 
tate more readily than does NajHPb4 in dilute solutions, and always in a 
crystalline condition. 
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white crystalline precipitate (MgAmPOJ ; if much water is- 
present this precipitate fonns only when the liquid is warmed 
and well stirred or shaken : it is soluble in acids (use HCl or 
HNO3), insoluble in AmHO. 

MgSO^ + AmCl + AmHO + Na^HPO^ = MgAmPO^ + N&^O^ 

+ AmCl+H20. 

69. KHO gives a white precipitate (MgHog)*, soluble in 
acids. 

60. AmHO gives a white precipitate (MgHog); but if 
AmCl is added to the MgS04 solution before the AmHO, no 
precipitate it* produced. 

6L Am^CO^ gives a white precipitate (MgCOg), but only 
in strong solutions and on standing for some time: AmCl 
prevents the formation of this precipitate. 

62. Flame coloration. — MgS04.7H20, if pure, gives no 
colour to the flame. 

63. Bl&iopipe teM, — ^A little solid MgSO^.THgO placed in 
a small cavity on a piece of wood-charcoal and then heated 
in the tip of the outer blowpipe flame, shines brightly and 
gives a white unmelted mass of MgO ; no white fumes are 
given off since MgO is not volatile. If this white mass after 
cooling is moistened with several drops of cobalt-nitrate 
solution and again strongly heated for some timet in the 
outer blowpipe flame, it becomes delicate pink in colour : this 
colour is best seen when the mass is quite cold, by compari- 
son with a white piece of paper held near the residue on tlie 
charcoal. 



* This convenient symbol (Ho) for the group hydroxy!, first proposed 
by Frankland, will be employed throughout in the formulae for all hydrates 
containing more than one atom of hydroxyl ; it prevents the necessity of 
using brackets, as a number placed below the symbol multiplies both H 
and 0, thus HOg equals (H0)2 or HgOj ; and Hog equals (HO), or HjO,. 

+ It is necessary to heat strongly after moistening with Co(N08)2, ®^s® 
blue Co(N08)2 remains. 



b. 
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64, Gboup V. — Table op Dippbrences. 

Note, — A blank (thus ) signifies that no marked or characteristic change 

occurs. For the method of using the table see par. 65. 



Tests. 


K— salts. 


NH4— salts. 


Na— salts. 


Mg— salts. 


* a. For solution*. 








1. Boll with KHO 
solution : 




NIK gas given 
off: known by 
its smell and by 
turning moist 
red litmus blue; 
it also gives 
dense white 
fumes with 
strong YlCi. 




White precipitate. 


2. Heat in flame 


Pale riciet flame, 




Intense yellow 




on clean pla- 


which appears 




flame, which 




tinum wire : 


crimson through 
the indigo- 
prism. 




shows no tinge 
of red througli 
tlie Indigo 
prism. 




a Add AmCI, 




' 




White crystalline 


AmHo and 








precipitate. 


Na2HP04 : 










4. Add PtCl^ 
and a drop of 


Yellow crystal- 


Yellow crystal- 






line precipitate, 


line precipitate, 






dilate HCl, and 


forms only in 


forms only in 






stir vigorously: 


strong solu- 
tions. 


strong solu- 
tions. 






6. Add Hsf (or 


White crystalline 


White crystalline 






better Nal^ 
and shake well: 


precipitate in 


precipitate in 






strong solu- 


strong solu- 








tions. 


tions. 


.. - _ . — 





b. For solid* only. 






1 G. Heat to red- 


Non-volatilc, un- 


VohitUe; white 


Non-voltttilc, un- 


Non-volatile. 


ness in a dry 


less heated to 


fumes arc given 


less heated to 




test-tube, or on 


bright redness. 


off and the sub- 


bright redncMH. 




platlnnm foil : 

1 

1 

1 




stance passes 
into vapour (at 
least partially) 
forming a sub- 
limate on the 
upper part of 
the tube. 






7. Heat strongly 


Melt easily and 


Are volatile, giv- 


Melt easily nnd 


Leave ultimately 


on charcoal in 


Mink into the 


ing off white 


Mink into tlie 


a wliite infusible 


the outer blow- 


charcoul, co- 


fumes. 


charcoal, co- 


rcHlduo which 


pipe flame : 


louring the 




louring the 


Hhines brightly, 




flame pie vio- 
let. (Sec 2.) 




flame intenHC 


and which if 






yellow. (See 2.) 


moistened with 










Co(N03)2 solu- 










tion and re- 










heated becomes 


1 








pink. 



* In using these tests for the detection of a single member of tlie group in solution, only the 
first four need be employed : the flfth test may be substituted for the fourth. Tests 6 and 7 are 
used only for the examination of solids. Tliey may be supplemented, however, by tests 1 and 2. 
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66. The method of using the foregoing table may be 
explained in a few words. Suppose a solrdion to be given 
which is known to confcain one member of this group, the 
lirst five tests in the table (four and five being alternative) 
will enable us to decide which member is present. It is 
simply necessary to examine separate portions of the solution 
by these tests, until a result is obtained which conclusively 
proves the presence of one of the four substances. Tests 1, 
2, 6, and 7 are similarly employed for examination of a solid 
substance. The student should never rest content with one 
test only when a second can be tried in confirmation, and he 
should always consider the tables of differences as mere sum- 
maries, and should refer back to the separate reactions for 
fuller accounts of the tests when required. 

The results of these analyses, and of all analyses subse- 
quently made by using the tables of differences, are best 
entered in three parallel columns, as shown in the upper part 
of the table in par. 67. The statement of the experiment or 
test performed is entered in the first column, the result 
observed being placed beside it in the second column, whilst 
beside this in the third column is stated the conclusion 
inferred from the result obtained. 

At the end of each analysis state the result thus: — 

Found K. 



66. (s)* Detection of Members mixed, — We can also devise 
from the above table a plan for detecting the members of 
this group when mixed together. It is evident — 

1. That NH4 can always be detected by boiling with 
KHO solution. 

2. That Na can always be detected by its yellow flame 
coloration. 

3. That Mg can always be detected by giving a white 
precipitate on addition of AmCl, AmHO, and NagHPO^ to 
its solution. 

• Paragraphs marked with an (s) are intended for a student using the 
senior course, and are passed over in the junior course. 
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4. That K may always be detected by giving a flame 
coloiation which appears crimson through the indigo-prism. 

5. That the confirmatory test for K, by stirring with PtCl^, 
may be tried if no NH^ is present ; but it cannot be employed 
when NH4 has been found, since NH^ gives a yellow pre- 
cipitate exactly like that given by K. Hence NH^ is first 
removed by evaporating some of the solution to dryness, 
and strongly heating the solid substance thus obtained on 
platinum foil as long as white fumes come off : the residue (if 
any) on the foil will then be free from NH^, and can be dis- 
solved and tested for K by PtCl^. 

The above remark concerning the PtCl^ test applies also to 
the HgT test for K, since NH^ gives a precipitate with HgT 
precisely similar to that yielded by K. 

77ie following scheme which embodies the above tests, must 
be used to test for Mg, K, Na, and NH^, when they may be 
present together. 

■ The strident should examine several substances by this table 
for the four members of Group V., writing down the results 
he obtains fully in the form adopted in the table ; that is to 
say, three columns are ruled ; in the first is described the test 
performed, in the second the result observed, in the third 
what substance is inferred from that result to be present or 
absent. After writing out the tests, the metals which have 
been found in the solution are stated, thus : — " Found K 
and JS'a." 

*^* Experiment IV. in the foUowing^Table may be omitted 
by a beginner, K being tested for by the flame coloration 
alone (Exp. IL) 



15 
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TABLE FOR GROUP V. 



[67. 



67. (s.) Tablb for testing for Mg, K, Na, NH^, in a 

SOLUTION WHICH MAY CONTAIN ONE OR ALL OF THEM. 

(See note at the top of page 83.) 



Experiment. 


Observation. 


Inference. 


I. Add to a small part of 
thesolation AmCl, then 
AmHO and Na2HP04, 
shake well and allow 
to stand if no precipitate 
appears at once. 


1. A white precipitate 
forms. 

[2. No precipitate appears.] 


Piesence of Mg. 
[Absence of Mg.] 


II. Dip a small loop of 
clean platinum wire into 
the solution, and hold it 
near the top of the 
Bunsen flame. 


1. A yellow flame.* 
Look at the yellow flame 
through the indigo- 
prism; a crimson red 
colour is seen. 

2. A pale violet flame, ap- 
pearing crimson red 
when seen through the 
indigo-prism. 

[8. No colour is imparted 
to the flame.] 


Presence of Na, possibly 
also of K. 

Presence of K. 

Presence of K and absence 
of Na. 

[Absence of K and Na.] 


III. Boil some of the solu- 
tion in a test-tube with 
KHO solution, and try 
whether NHg is given 
off by smelling; or if it 
cannot be smelt, by test- 
ing with moistened red 
litmus-paper or strong 
HCl. 


1. NHs gas is smelt, or the 
red litmus becomes blue, 
and white fumes are ob- 
tained with HCl. 

[2. No NHs is smelt, and 
moist r^ litmus paper 
is not blued, neither are 
white fumes obtained 
with Ha.] 


Pi-esence of NH4. 
[Absence of NH4.] 


IV. A confirmatory test for K may be made by adding PtCl4 or NaHTl If 
Exp. III. has shown that NH4 is present, proceed to test for K by column A; if 
NH4 is absent, test for E by column B (66, 6). 


A. 

Boil some more of the solution down 
to dryness in a porcelain dish; scrape 
out the white substance left in the dish, 
and heat it strongly on a piece of plati- 
num-foil as long as any white fumes are 
seen to be given off when the foil is 
taken out of the fiame for an instant. 
Place the foil when cold in a test-tube, 
and boil it with very little water, to 
which a drop of dilute HCl has been 
added, and evaporate to several drops; 
cool the liquid, and pour it out upon a 
watch glass, add a little PtCl4t, and stir 
well: — 

A yellow precipitate i—Pre^nce of K. 


B. 

Pour a little of the solution upon a 
watch glass, add PtCl4, and stir well : a 
yellow precipitate : — Presence of K. 

If no precipitate forms, K may never- 
theless be present, the solution being too 
dilute to allow the precipitate to form; 
therefore pour some of the solution into 
a porcelain dish, boil down nearly to dry- 
ness, cool and test this liquid by stirring 
it with PtCl4t on a v/atch glass, adding 
alcohol if the precipitate does not appear 
at once : a yeUow precipitate :— Presence 
ofK. 
Note. — ^Addition of alcohol will frequently 

produce the precipitate without eva- 

pomtion. 



► 



* Almost all substances contain traces of Na, and therefore when heated in the 
Bunsen flame tinge it more or less yellow: hence, unless the yellow coloration is 
very intense, enter in the results " No trace." 

t In this and aU subsequent places where PtCl4 is directed to be used as a test for 
K, the NaHT test may be substituted for economical reasons. 
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Note. — Separate portions of the solution are to be used for each of 
these experiments. It must be understood that <ndy one of the num- 
bered results in the second column can be obtained in each experiment, 
but one or other of these must invariably be observed. In subsequent 
tables, that result only is stated in the second column which indicates 
the presence of the substance, and the absence of that result proves the 
absence of the substance : the portions in brackets will therefore be 
omitted in future. 



GKOUP lY.— BAEroM GEOUP. 

68. This group includes Ba, Sr, Ca. 

The members of this group diflfer from those of Group V. 
by being precipitated as carbonates by AmgCOg, even in the 
presence of AmCl*. They are not precipitated by any other 
of the group reagents. 



Barium (Ba).— Use BaCl2.2H20 t. 

69. Am^GO^ added after some AmCl : white precipitate 
(BaCOg) which is at first flocculent, but if heated and allowed 
to stand, slowly shrinks in bulk and becomes crystalline. 

Pour a little of this into another test-tube and add to it 
some HA, the precipitate dissolves entirely if sufficient HA 
is added. 

70. GaSO^ or H^SO^: heavy white precipitate (BaSOJ, 
insoluble in HCl even on boiling. 

71. K^CrO^ added after some HA: yellow precipitate 

(BaCrOJ, soluble in warm HCl, insoluble in warm HA. 
(Diff: from Sr.). 

X 72. H^F^ : semi-transparent precipitate (BaSiFg) : the precipi- 
tate often does not appear in dilute solution until after some time, or 
until the Hquid is boiled, or alcohol is added. Shaking or stirring 
the liquid hastens its formation. 

* On boUing with AmCl solution, however, the precipitates are more or 
less perfectly dissolved. 

t These two molecules of water are termed "water of crystallisation," 
and are always present in crystallised barium chloride. 

t A reaction in small type is comparatively unimportant, and may be 
read through and omitted by beginners. 



^ 
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78. Arn^C^O^ : white precipitate (BaCjOJ. 

74. Flame coloration: BaClg gives a yellowish- green 
colour to the flame, visible through the indigo-prism. 

The spectrum consists of a number of Hues, the most char- 
actoiistic of which are three green lines, a, )3, y. (557). 



Strontium (Sr). Use Sr (N03)2.4H20. 

76. ilmgC^Og added after some AmCl : white precipitate 
(SrCOg), soluble in HA. This precipitate is flocculent 
at first, but if heated it quickly becomes crystalline and 
shrinks very considerably. 

76 a. CaSO^ or H^O^ : white precipitate (SrSO^), this 
precipitate does not usually form at once in a cold solution, 
but only after standing for some time. The precipitate, how- 
ever, appears at once on boiling the liquid. 

76. K^rOj^ added after some HA : no precipitate, since 

SrCrO^ is soluble in HAT • 

77. H^SiF^ : no precipitate. 

78. Am^C^O^ : white precipitate (SrCr204). 

79. Flame coloration : crimson-red ; this colour appears 
intense red through the indigo-prism unless the flame-colora- 
tion is very faint. 

The strontium spectrum contains many lines ; the most 
characteristic are the orange line (a), the red lines (fi, y), and 
the blue line (8) (557.) 



Calcium (Ca).— Use CaCla-SHga 

80. Am^CO^ added after AmCl: white precipitate 
(CaCOg), soluble in HA. This precipitate is flocculent at 
first, but on standing for some time or on being gently 
heated, it shrinks considerably and becomes crystalline. 

81. OaSO^ : no precipitate, even on standing or on being 
boiled. 

82. H^SO^ : white precipitate (CaSO^) forms at once in 
strong solutions, and often in weak solutions on being boiled ; 
but since CaSO^ id not quite insoluble in water, some of it 
will always remain dissolved ; prove this by boiling the 
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liquid containing the precipitate and filtering it, then 
keep adding AmHO to the filtrate and stirring it until a drop 
of the solution turns red litmus blue and the liquid smells of 
NHg, then add AmgCgO^, a white precipitate will form, 
showing the presence of Ca (85) which must have been dis- 
solved as CaSO^. 

83. K^CrO^: no precipitate. 

84. JT^SiFq : no precipitate. 

86. Am^G^O^ : white precipitate (CaCgO^), sohible in most 
acids except HA and HgCgO^. 

86. Flame coloration : yellowish-red ; this colour viewed 
through the indigo-prism does not appear red but dingy green, 
thus differing from that given by Sr. 

In the calcium spectrum the most characteristic lines are 
the green line (fi), and the intense orange line (a) (557). 



87. Group IV. — Table op Differences. 

The first three tests only need be used for the detection of a member of 
this group occurring by itself in solution : test 1 serves also for solids. 



TfeBtS. 



1. Flame coloraticni: 



2. CaS04 added to 
the cold solation: 



3. K2'^r04 added 
after HA: 



[4. HjSiFa added : 

5. H2SO4 added In 
excess and boiled: 



Ba — salts. 



Greenish-ydlow. 



An immediate pre- 
cipitate. 



Light yellow pre- 
cipitate. 



White precipitate. 

Entirely precipi- 
tated as BaSOf. 



Sr— salts. 



Intense crimson,ap- 
pears red through 
the indigo-prism. 



A precipitate ap- 
pearing only after 
a short time or 
immediately on 
boiling. 



Ca— salts. 



Entirely precipi- 
tated as SrSOf. 



Yellowish red, ap- 
pears dingy green 
through the 
digo-prism. 



fai- 



] 



Partially precipi- 
tated as CaSOf; 
hence the filtrate 
from the precipi- 
tate contains Ca, 
which may be de- 
tected by adding 
AmHO in excess, 
and then Am20204; 
a white precipitate 
forms. 



► 
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When analysing a solution which is known to contain only 
one member of this group, its detection by the first three of 
the above tests will be exceedingly simpla 

88. (s) The separation and detection of Ba, Sr, and Ca, 
when mixed, depends upon the following differences : — 

1. The flame colorations, examined if necessary through 
the indigo-prism, or by means of the spectroscope. 

2. The difference in behaviour with CaSO^, which at once 
indicates the presence or absence of Ba. 

3. The separation of Ba, if present, by KgCrO^ in the 
presence of HA. 

4. The precipitation of Sr by CaS04 on being boiled, 
which will indicate the presence of Sr in the absence, or after 
the separation, of Ba. 

5. The precipitation of Sr, if present, by boiling with 
H2SO4 ; sufficient CaS04 then remaining in the solution to 
give, after making the filtrate alkaline with AmHO, a preci- 
pitate with AmgCgO^. 

89. (b) a solution which has to be examined for Ba, Sr, 
andCa, and can contain only these substances, is made alkaline, 
if not already so, by addition of AmHO ; then AmjuO^ is 
added as long as it is seen to cause any precipitate after the 
liquid has been stirred well and allowed to settle. The liquid 
is then filtered, and a little more Am2C03 added to the 
clear filtrate ; if any further precipitate forms, more AmgCOg 
is added and the liquid is again poured through the same 
filter, pouring the first portion of the filtrate once more through 
the filter as it is sure to come through turbid. As soon as the 
filtrate gives no further precipitate with AnigCOg, all the mem- 
bers of this group which were present in the solution have been 
precipitated as carbonates, and on filtration are obtained on the 
filter. The precipitate is then examined by Table IV. (438). 

Note. — In nsing the group Tables in Section VI. it must be under- 
stood that they are drawn out to meet the case of all the members of the 
group being present. If therefore in any case no precipitate forms on 
addition of a reagent, the substance or substances whose presence would 
have been indicated by the formation of the precipitate must be absent 
Hence a filtration which is directed to be made is often unnecessaryi 
and the aolutioTi itself is treated as is directed for the filtrate. 
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GROUP IILa.— IRON GROUP. 

90. This group includes Al, Fe, Cr. 

The members of this group differ from those of Groups 
IILb, IV, and V., by being precipitated by AmHO after 
addition of AmCl; they are not precipitated however by 
the group-reagents for Groups II. and L 

This group is also precipitated by AnigS, or by HgS added 
to the alkaline solution. 

Group IILa. further differs from Group III.B. in being 
completely precipitated by adding BaCOg shaken up with 
water; this reagent affords the most perfect means of 
separating the two groups. 

The members of this group show no characteristic flame 
colorations ; but with the exception of Al, they give borax 
beads of characteristic colour. 



Aluminium (Al). — Use AlAm(S04)2- I2H2O ammonia-alum, 
or A1K(S04)2.12H20 potash-alum. 

91. AmHO : white flocculent precipitate (AlgHog), which 
is seen best on boiling the liquid: soluble in HCl and in 
HA ; slightly soluble in AmHO, especially in the absence of 
AmCl:— 

2 AlAm(S04)2 + 6AmH0 = Al2Hog + 4Am2S04 . 

92. KHO added in very small quantity : same precipitate 
as AmHO : soluble in excess of KHO. If to a part of the 
KHO solution HCl be added gradually until it is neutral, 
the Alg^Og is reprecipitated ; if more acid is added the 
precipitate dissolves, but is reprecipitated by adding AmHO 
in excess. From another portion of the KHO solution 
the AlgHog may be reprecipitated by addition of sufficient 
AmCL 

93. Am^S: same precipitate (ALjHo^), HgS gas coming off 
or remaining dissolved in the liquid : — 

2AlAm(S04)2 + SAmgS + GHgO = Al2Hoe + 4Am2S04 + 3H2S. 

94. Blowpipe reaction, — Some solid AlAm(S04)2.12H20 
heated on charcoal in the outer blowpipe flame, then. m.civs^V 



88 GROUP ni.A. — ^IRON. [95-98. 

ened, after cooling, with Co(N03)2 solution and again heated 
in the outer flame, gives a fine blue mass. 



95. Iron (Fe). — ^Two classes of iron compounds are known, 
which differ in appearance and properties and behave differ- 
ently with reagents ; they are distinguished as ferroiis and 
ferric compounds respectively, the former being supposed 
to contain the metal ferroaum (Fe")*, the latter ferricum 
(Fe'"). It is usual in stating analytical results to mention in 
which state of combination the iron exists, and therefore 
some distinctive tests are described below (101). The whole 
of the reactions of ferrous compounds are not given, because 
Fe, if present, is always separated and detected in the course 
of analysis as ferricum^ and ferrosum is tested for by special 
reactions in the original substance. Ferrous- are readily con- 
verted into ferric-compounds by boiling for a short time with 
a little strong HNO3, or with HCl and a crystal of KCIO3. 

Ferricum (Fe'").— Use FegClg. 

Ferric salts are usually yellow or reddish-yellow; ferrous salts 
usually pale green, or white if perfectly dry. 

96. AmHO or KHO: reddish-brown, flocculent precipi- 
tate (FegHog) : insoluble in KHO, soluble in HCL 

97. Am^S: a black precipitate (FeS), mixed with white S : 
soluble in boiling acids, insoluble in KHO : — 



FegClfi + SAmgS = 2FeS + S -h 6AmCL 

In a very dilute solution of Fe a green colour is produced 
at first by AmgS, and the black precipitate separates only 
after a time. 

98. H^S^: same black precipitate in alkaline solutions: 
in neutral or acid solutions S is precipitated and the ferric is 



* This distinction of tlie two conditions of Fe and other elements by 
dashes or roman numbers placed above the symbol, first proposed by 
Odling, is very convenient for brevity. 

f HgS may be added as a solution of the gas in trying the reactions ; 
in the course of analysis the gas is usually passed into the liquid. 
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changed to a ferrous salt, the colour of the solution changing 
from yellow to pale-green as is seen after hoiling and filtering : 

FegCle + H2S = 2FeCl2 + 2HC1 + S. 

99. Blowpipe reactions, — These are the same for ferrous 
as for ferric compounds. Fused with NagCOg on charcoal 
in the inner flame a grey magnetic powder is left (33 a); 
this is shown to be magnetic by being atti-acted when touched 
under water by the end of a magnet, or of a magnetized 
knife-blade. 

' Outer flame : reddish-hrovm while hot : 

yellow when cold. 
Inner „ greenish bead, the colour 

of green bottle glass. 



100. Borax head: 



» 



101. DiSTINCTIVB TESTS FOR FbRROUS AND FeRRIC SALTS. 

For these tests several drops of dilute HCl should be first added to 
the Fe solution. 



Reagents to be added. 



1. K^FeCy^ added In 
small quantity : 



2. Ks{FeCy^2 



3. KCyS : 



4. KHOi 



Ferric-salts. 
(Use Fe^Cl^ solution.) 



Dark-blue precipitate, '* Prussian 
blue"; insoluble in HQ*, 
soluble in H2C204,and slightly 
soluble in K4FeCy6 added in 
excess; turned brown by KHO. 

No precipitate: the solution 
darkens, but on dilution with 
water is seen to contain no 
precipitate. 



Blood-red coloration: no pre- 
cipitate is produced, the liquid 
being perfectly clear on dilu- 
tion; the colour is immedi- 
dlately destroyed when several 
drops are poured into some 
HgClj solution: itsproducti^ is 

hindered by HNO3 and by HA. 
Reddish-brofon precipitate. 



Ferrous-salts. 
(Use FeS04 solution.) 



Light-blue precipitate,be- 
coming dark-blue in the 
air, or on addition of 
HNOs or Br- water. 



Dark-blue precipitate, 
"Tumbull's blue": 
insoluble in HCl. In 
very dilute solution 
only a dark bluish grey 
colour is produced. 

No red coloration unless 
small quantities of 
ferric-salts are present. 



Dingy-green precipitate, 
turning brown in the 
air. 



* The solubility and insolubility of this precipitate must be shown by 
wanning separate portions of the blue liquid containing the precipitate 
with HCl, H2C2O4 and Kj^eCjf^j then separately filtering each : if the 
precipitate has been dissolved the filtrate will be daik \A\i^. 



90 GROUP III. A. — CHROMIUM. [102-106. 

Chromium (Cr). — Use CrK(S04)2.12H20, chrome-alum. 
Chromic-salts are usually green or violet in colour. 

102. AmHO: pale bluish-green precipitate (CrgHog): if 
AmHO is added in large quantity and the liquid is heated 
some of the precipitate is dissolved, producing a beautiful 
violet-red solution whose colour is best seen after filtering ; 
but from this solution the CrgHog is reprecipitated on boiling 
the liquid for several minutes in a porcelain dish. 

103. KHO added in small quantity gives the same pre- 
cipitate (CrgHog) : if more cold KHO is added the precipitate 
is entirely dissolved to a green fluid, on diluting this liquid 
with water and boiling for several minutes the CrgHog is 
reprecipitated and the liquid becomes colourless : AmCL 
added to the KHO solution also reprecipitates the CrgHog. 

103 a. If to some of the green liquid, obtained by adding 
KHO in excess to the chromium solution, a little red-lead or 
lead-peroxide (PbOg) is added and the liquid is then boiled, 
a yellow liquid is obtained from which a yellow precipitate 
(PbCrO^) is thrown down by addition of HA in excess. 

104. Am^S precipitates CrgHo^, HgS gas being given off 
or remaining dissolved. The reaction is similar to that with 
AlAm(S0,)2 par. 93. 

105. Blowpipe reaction. — If NagCOg and KITOg be mixed 
with any solid substance containing Cr, and the mixture be 
fused on a piece of platinum foil or in a porcelain crucible 
or Hd, or in a loop of platinum wire as was directed for the 
borax bead (31), a yellow mass is formed coloured by NagCrO^. 
If this yellow mass is dissolved by boiling it with water, a 
yellow solution is obtained: this solution, if made acid with 
HA and boiled for a few minutes to drive off COg, gives with 
PbAg solution a yellow precipitate of PbCrO^. 

106. Cr forms two classes of compounds : in one class Cr in com- 
bination with oxygen functions as an acid radicle : this class includes 
the chromates such as KaCr04 and KjCrgOy, they are usually yellow or 
reddish in colour ; but Cr also forms a series of salts in which it acts 
as a metallic-radicle; these are usually green or violet, and give 
the above reactions for Cr. The latter compounds pass by oxidation 
into the former, as in reactions (103) and (105) where the oxidation is 
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caused by PbO, and EKO3 respectiyely. Chromates pass by redaction 
into the green compounds; examples of this change will be found under 
the tests for chromic acid (286). This reduction of chromic acid causes 
it to be detected in the course of analysis as a base, and a special 
experiment has to be performed to ascertain whether the Cr was 
present originally as a metallic or as an acid radicle. 

107. Group III. a. — Table op Diffbrbnces. 



Tests. 



a. For liquids. 
1. AddAmHO: 



2. Add KHO : 



3. AddKCySand 
a few drops of 
HCl: 



b, Blotopipe tests 
for solids. 



4. Fttse 



with 
and 
on pla^ 
tinnm foil : 



NaoCOa 
KNOt 



5. Heated 
charcoal: 



on 



6. Fnsedlnborax 
head: 



Al — salts- 



White flocculent 
precipitate. 



White floccnlent 
precipitate, 
easily soluble in 
excess 0/ KHO. 



In the outer flame 
when cool if 
moistened with 
Co(N08)2 solu- 
tion and re- 
heated strongly 
g\ye8iLflneblue 
mass. 



Fe»'-salt8. 



Reddish • brovm 
flocculent pre- 
cipitate. 



Reddish • brown 
floccnlent pre- 
cipitate, inso- 
liMe in excess 
of KHO. 



Deep blood - red 
coloration, de- 
stroyed by pour- 
ing into HgCls 
solution. 



On cooling, a 
white mass of 
NajCOa re- 
mains, with 
dark - brown 
particles of 
FejOj. 



In inner flame 
mixed with 
Ka^COs gives a 
grey magnetic 
powder. (88a.) 



Reddish - yellow 
in outer flame. 
Ofeenish-yellow 
in inner flame. 



Fe^- salts. 



Dingy-green pre- 
cipitate, rapidly 
turning brown 
when left ex- 
posed to the air. 

The same preci- 
pitate as with 
AmHO, inso- 
luble in excess 
of KHO. 



No coloration un- 
less Fe"' is also 
present. 



Same as Fe^' 



Same as Fe 



//' 



Same as Fe^'. 



Cr — salts. 



Pale-green floccn- 
lent precipitate, 
colour unal- 
tered by expo- 
sure to air. 

Pale-green preci- 
pitate, soluble 
in excess of cold 
KHO, but re- 
precipitated on 
diluting and 
boiling for some 
time. 



On cooling, a ^- 
low mass re- 
mains, easily 
soluble in wa- 
ter ; the solu- 
tion, after hav- 
ing been boiled 
with excess of 
HA, gives a yel- 
low precipitate 
with FbA,. 



Oreen both in 
outer and inner 
flames. 



\ 



\ 



► 



92 GROUP ni3.— ZINC GROUP. [108-110. 

Members of this group occurring singly are easily dis- 
tinguislied by one or other of the above tests, the first three 
serving for liquids, the last three for solids : tests 2 and 5 
are the best for Al, 2, 4, and 6 for Cr, and 1, 3 or 6 for Fe. 

108. (s) The separation and detection of these three sub- 
stances when mixed depend upon the following diflTerences : — 

1. The solubility of AlgHog in boiling KHO, in which 
FegHog and CrgHog are insoluble. 

2. The conversion of CrgHo^ by fusion with NagCOg and 
KNO3 ^^^^ soluble NagCrO^ : FcgHog remaining as FcgOg 
which is insoluble in water. 

3. The yellow colour of the solution of NagCrO^ in water, 
and production of a yellow precipitate by acidifying it with 
HA and adding PbAg. 

4. The blood-red coloration obtained by adding KCyS to 
the FcgOg dissolved in HCL 

109. (s) A solution which may contain Al, Fe, Cr, is 
examined in the following manner :— 

To a few drops of the solution acidified with HCl add a 
little K^FeCyg ; if a blue precipitate is produced Fe is present; 
this portion is rejected. Two other small portions of the 
acidified solution are then tested; one with Kg(FeCy6)2, 
which by giving a dark blue precipitate shows the presence 
of Fe" ; the other with KCyS, which if it gives a blood-red 
colour proves the presence of Fe'". 

Boil the rest of the solution for several minutes, adding 
a few drops of strong HNO3 if Fe" is present ; add some 
AmCl, then AmHO until the liquid after being well stirred is 
alkaline and smells of NHg ; boil, filter, and examine the pre- 
cipitate by Table III. a (436), disregarding all the appended 
notes. 



GEOUP III.B.— ZINC GEOUP. 

110. This group includes Zn, Mn, Ni, Co ; its members 
differ from those of Groups IV. and V., by being precipitated 
by AmgS in neutral or alkaline solution, and by HgS in alka- 
line solution ; they are not precipitated by the group reagents 
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for Groups III. a, XL, and L Mn is however liable to be 
precipitated by AmHO, even in the presence of AmCl, if the 
solution stands exposed to air for some time. 

The members of this group show no characteristic flame 
colorations, but with the exception of Zn give characteristic 
colours to a borax bead. 

BaCOg does not precipitate this group as it does Group 
III. A, unless its members are present as sulphates. 



Zinc (Zn).— Use ZnS04.7H20. 

Zinc salts are usually colourless. 

UL Am^S: white precipitate (ZnS): the precipitate often 
appears yellow from the presence of excess of yellow AmgS 
in the liquid : its true colour is seen in the next reaction, or 
by letting the precipitate produced by km^ settle, or by 
filtering it. For the solubility of this precipitate see the end 
of the next reaction. 

112. H^S*: white precipitate (ZnS) : the Zn is only partly 
precipitated from a neutral solution, since HgSO^ is separated 
and dissolves the ZnS : — 

ZnSO^ + HjS = ZnS + HgSO^ ; 

but if NaHO or AmHO be added to neutralise the HgSO^ 
when it is set free, the Zn may be entirely precipitated : 
addition of NaA also causes complete precipitation, since 
HA replaces HgSO^ in the solution, and ZnS is insoluble 
inHA:— 

ZnSO^ + H2S + 2NaA = ZnS + NagSO^ + 2HA. 

Add HgS to some ZnSO^ solution to which AmCl has been 
first added and then AmHO until it is alkaline, and show by 
adding to separate portions of this liquid HCl, HA and AmgS, 
that ZnS is soluble in HCl, and insoluble in HA and in AmgSf. 

113. KHO added in small quantity gives a white precipi- 
tate (ZnHog) : if more KHO is added, this precipitate dissolves; 

* H3S may be used in this group as sulphuretted hydrogen water. 

t The tests which show the solubility of the sulphides of this group are 
best tried on the precipitate obtained by adding AmCl, AmHO, and HgS, 
unless freshly prepared colourless Am^S can be obtained, since from yellow 
Am,S acids precipitate sulphur. 



94 GROUP m.B. — MANGANESE. [114-118. 

the ZnHog is however reprecipitated as such by adding much 
water to this solution and boiling it, or as ZnS by passing 
HgS gas into it. 

114. Solid ZnSO^.THgO powdered with NagCOg in a mor- 
tar, then heated on charcoal in the inner blowpipe flame, gives 
an incrustation on the charcoal, which is yellow whilst hot and 
white when cold. It cannot be driven away by the outer 
blowpipe flame, but is easily removed by the inner flame. If 
this incrustation on cooling is moistened with cobalt-nitrate 
solution and strongly heated in the outer blowpipe flame it 
becomes green. 

The above changes of colour are more distinctly obtained by igniting 
a little solid ZnS04 in the outer blowpipe flame on charcoal, it is yellow 
whilst hot, and white when cold : if moistened with Co(N03)2 solution 
and reheated in the outer flame, it becomes green. 



Manganese (Mn). — Use MnClg or MnSO^. 

Manganous salts are usually of a pale pink colour. Alkaline man- 
ganates are green, permanganates purple. 

115. Am^S: flesh-coloured or pale pink precipitate (MnS): 
the liquid should be filtered, since the precipitate often appears 
discoloured by the yellow AmgS, the colour of the precipitate 
on the filter is then easily seen; the colour of the moist precipi- 
tate changes to dark brown on standing in the air upon the 
filter. For the solubility of this precipitate see (116). 

116. H^S precipitates MnS partly from neutral solutions, 
entirely from alkaline solutions, but not at all in presence of 
free HCl or HA : show with separate portions of the MnS 
precipitate, obtained by adding AmCl, AmHO, and then HgS 
solution to the liquid, that MnS is soluble in HCl and in HA, 
but insoluble in AmgS. 

117. KHO: white precipitate (MnHog), quickly turned 
brown by pouring the liquid containing the precipitate into a 
white porcelain dish or upon a filter : the precipitate is 
insoluble in excess of KHO. 

118. AmHO gives the same precipitate, but if sufficient 
AmCl is first added, AmHO produces no immediate pre- 
cipitate^ the solution however on standing exposed to the air 
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tarns brown and the Mn is gradually precipitated as brown 

Mn^Ho^ 

118a. Pout a little MnS04 (not MnCl^) solution upon some red or 
brown lead oxide (PbOg), add HNO3 which must be quite free from 
CI, boil the mixture and allow the powder to settle : the clear liquid 
is coloured deep red by the formation of permanganic acid (HMnOj. 
The production of this colour is prevented by the presence of even a 
minute quantity of chlorine. 

119. Blowpipe tests, — If any solid substance containing 
Mn be fused in the outer flame with a mixture of NagCOg 
and a little KNO3 upon platinum foil, a bluish-gi^een mass is 
obtained on cooling : the mixture should be fused by heating 
the lower surface of the foil with the blowpipe flame. The 
test may be also made by fusing a mixture of NagCOg and 
KNO3 ^^^ ^ head in a loop of platinum wire, and then 
fusing the substance into this bead by heating it in the 
extreme tip of the outer flame. 

119a. Fused with Na^COj on charcoal in the inner flame a grey 
magnetic powder is obtained (33 a). 

120. Borax bead, — Use very little MnOg* : — 

f Violet-red bead whilst hot. 
In the outer flame | j^^thyat^ed on cooling. 

In the inner flame. — A colourless bead. 



l^iOKBL (Ni). —Use NiSO^. THgO. 

Nickel salts are usually bright green in colour. 

12L Am^S: black precipitate (NiS) ; add more yellow 
AnigSt boil and filter, a brown filtrate runs through, coloured 
by NiS dissolved in the excess of AnigS : pour this filtrate 
into a porcelain dish and boil for some time, adding distilled 
water if necessary to prevent the dish becoming dry ; the 
black NiS will be precipitated and may be filtered ofi*, giving 
a colourless filtrate. If HA is added to the dark filtrate 
until it is acid, the NiS is also precipitated from it 



* A borax bead is often opaque from the use of too much substance. 
If such is the case fuse the bead in the blowpipe flame, then by a sudden 
jerk throw some of the fused mass off, and fuse again the remaining 
portion with fresh borax : repeat this if necessary. The fused bead often 
becomes transparent when flattened by squeezing with small pincers. 

t The AmgS must be yellow ; colourless AmgS does not dissolve NiS. 



) 
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122. H28: black precipitate (NiS) in neutral solutions or 
in solutions acid with HA (112), but HCl prevents the 
precipitation ; show with portions of the liquid containing 
NiS, obtained by adding HgS to MSO4 solution to which a 
little AmCl and AmHO have been added, that NiS is 
insoluble in cold dilute HCl and in HA, but soluble when 
heated with HCl after adding a crystal of KCIO3. 

123. KHO: light green precipitate (NiHog). 

124. AmHO added in very small quantity : bluish-green 
precipitate (NiHoa), soluble in excess of AmHO to a violet- 
blue liquid, soluble also in AmCL If AmCl be first added 
AmHO causes no precipitate. 

125. KCy solution* added in small quantity gives a 
yellowish-green precipitate (NiCyj) : by further addition of 
KCy this precipitate is dissolved, but HCl reprecipitates 
NiCyg from the solution. 

126. If some NiSO^ solution is made acid with several 
drops of HCl, then KCy solution gradually added, whilst 
stirring or shaking the liquid, until the precipitate is redis- 
solved, and the solution thus obtained is boiled for a short 
time, then cooled and divided into two parts : HCl added 
in excess to one part will produce a precipitate of MCyg, 
often only appearing after a time : NagClgO, or Br-water 
after excess of NaHO, added to the other part will give on 
warming a black precipitate (ISTigHog). 

Blowpipe reactions : — 

127. Solid NiS04.7H20 powdered with NagCOg in a mortar and then 
fused on charcoal in the inner blowpipe flame, leaves a grey powder 
which is attracted by the magnet. (33 a. ) 

128. Botox head, 

( Violet or sherry -red bead whilst 
In outer flame \ hot. 

l Pale yelloio on cooling. 

In inner flame, after being ) „^ , , , 

, . J - , . > Blade or opaque bead, 

heated for some time. J ^ ^ 



* KCy solution must always be prepared immediately before use : it is 
decomposed by keeping. 
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Cobalt (Co).— Use Co(N03)2.6H20. 
Cobalt salts are osoally reddish-pink in colour. 

130. ilmg/S.' black precipitate (CoS) ; on adding much 
Am^S, boiling and filtering, the filtrate ia coloured yellow by 
AnigS and is not dark coloured, since CoS is insoluble in 
AnigS (difference from NiS). For the solubility of CoS see 
Exp. 131. 

131. ^2^.* black precipitate (CoS), only forms in alkaline 
solutions or in solutions acid with HA (112); HCl pre- 
vents the precipitation. Add AmCl then AmHO in excess, 
and then HgS-water to some Co(!N'03)2 solution, and pour 
into separate portions of this liquid HCl and HA, the preci- 
pitate does not dissolve ; to the portion containing HCl add 
a crystal of KCIO3 and heat, the precipitate dissolves 
readily. 

132. KHO: blue precipitate (CoHog), turning green if 
poured out upon a watch glass and allowed to stand in 
the air, and becoming pale red on being boiled ; the red 
colour is, however, frequently more or less masked by a 
brown cobalt hydrate precipitated at the same time. 

133. AmHO: bluish-green precipitate, having the same 
properties as that given by KHO : soluble in AmCl, hence 
if AmCl is added before AmHO no precipitate is produced. 

134. KCy solution added in small quantity gives a reddish- 
brown precipitate (CoCyg) : add more KCy solution slowly 
and whilst shaking the liquid, the precipitate dissolves ; now 
add HCl, the CoCyg is reprecipitated. 

135. K some Co(N03)2 solution is made acid with a few 
drops of HA, then KCy solution added slowly until the 
precipitate at first formed just redissolves, and the liquid is 
boiled until no further smell of HCy is evolved, then cooled 
and divided into three parts, it will be found that neither HCl, 
nor NagClgO, nor Br-water with excess of NaHO solution, 
produces a precipitate on warming the liquid. [Difference 
from Ni (126).] 

The difference of behaviour of the Ni and Co solutions which have 
been boiled with excess of KCy, is due to the fact that NiCy, forms. 
vith KCy a feeble compound (NiCyj.SKCy) which is soluble in water, 

G 
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but is easily decomposed : whereas CoCyj forms witli KCy in the air the 
very stable soluble compound Kg(CoCy(j)2, ** Potassium cobalticyanide." 

Blowpipe reactions : — 

188. Fused with NajCOg on charcoal in the inner flame, Co(N03)2 
gives a grey metallic powder attracted by the magnet (33 a), 

137. Borax head : strong solution may be employed, the 
bead being dipped into it : fine blue bead in both inner 
and outer flames: opaque if too much €0(^03)2 bas been used. 



138. Wben a solution is to be examined for only one 
member of tbis group, its detection by one or more tests in 
the table (139) will be very easy. The precipitate with 

39. Group II] 



Tests. 



Zn— salts. 



Mn — salts. 



a. For liquids. 

' 1. Add AmaS, or better, 
i AmCl, AmiHO in excess, 
and HjS-water. 

2. Add EHO : 



3. Add KCy solution : 
This test need only be tried 
when a black precipitate 
has been obtained by Test 
Xo. 1. 



h. Elotopipe tests for solids. 
4. Fused with NasCOa : 



White predpitate : soluble in Pink precipitate : solnblt 
cold dilute HCl : insoluble j cold_ dilute HCl : solvHU 

in HA. HA. 

White precipitate: soluble in White precipitate; ton 
excess of KHO. | brown in the air : insoltM 

KHO. 



5. Borax bead: 



On chai'coal in the inner 
flame : gives a white incrus- 
tation, which, if moistened 
with Co(N03)2 and heated 
in the outer flame, turns 
green. The substance itself, 
when strongly heated after 
having been moistened 
with Co(N03)2 also becomes 
gi'een. 



On charcoal in the in 
flame : a grey magm 
powder (33 a). 

On platinum foil in 01 
flame: a bluish-ffreen n 
showing more rapidly i 
little KNO3 be mixed n 
the NasCOa before fusing. 



Outer tLaaae.—Amethyst^m 
Inner flame.- -CotourteM. 
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AnigS is distinctive, ZnS and MnS being easily recognised 
by their different colours ; NiS and CoS, which differ from 
ZnS and MnS by being black, are distinguished from one 
another by the solubility of NiS in excess of AmgS, the 
liquid therefore giving a brown filtrate. KHO also gives 
characteristic precipitates with each of these substances. 
The most distinctive tests for Ni and Co are 3 and 5 ; for Zn 
and Mn, 2, 4, and 5. 

140. (s). TJie method for separating and detecting Zv, 
Mn, Ni, Coy when mixed, depends on :— 

1. The solubUity of NiS in yeUow AuLjS ; ZnS, MnS 
and CoS being insoluble*. . NiS is precipitated from this solu- 

JLB OF Differences. 



Ni— salts. 



ek predpUaU : soluble in boUing yellow 
»f$* to a 6aik solution : insoluble in cold 

lute HCl and in HA. 

^en precipitate : insoluble in KHO. 



led in excess to the slightly acid solution 
id boiled for some time, then NasClsO (or 
r-watOT and excess of NaHO) added, gives 
black precipitate on heating. 



charcoal in the inner flame, a grey mag- 
Btic powder (33 a). 



»i» <!•««<> ( Violet or yelloio while hot. 
ler name. -[yeUow when cold. 

ler fitane,--Grey or opaque bead. 



Co— salts. 



Black precipitate: insoluble in boiling yellow 
Am^S*, in cold dilute HCl, and in HA. 

Blue precipitate: insoluble in KHO. 



Added in excess to slightly acid solution and 
boiled for some time, NajCljO (or Br-water 
and excess of NaHO) gives no precipitate 
on heating. 



Same as ]Si. 



Outer and iimer fi&mes.— Fine-blue bead. 



In order to ascertain whether the precipitate has been dissolved, tilter and 
ore whether the filtrate is dark in colour. 



100 GROUP m.B. — ^DETECTION. [141. 



tion by boiling or by addition of HA, and the presence of Ki 
is then confinned by fusion in a borax bead. 

2. The solubiUty of ZnS and MnS in cold dilute HCl, 
NiS and CoS being almost insoluble. (Note 1, below). 

3. The solubihty of ZnHog in cold KHO, in which MnHog 
is insoluble ; white ZnS is then precipitated from this solu- 
tion by HgS . 

4. The production of a bluish-green mass by fusing 
MnHog with NagCOg and KNO3 . 

5. The difference of behaviour of the KCy solution pf Ni and 
Co with NajClgO, or with Br-water and excess of NaHO : and 
the marked difference in their borax beads. (Note 2, below). 

Note 1. — Mn may also be separated from Ni and Co by passing HoS 
into the solution containing NaA (112): Mn remains in solution, NiS 
and CoS are precipitated. 

Note 2. — A modification by Henry of Rose's method for separating 
Ni and Co is also to be recommended ; it depends upon the fact that, 
whilst Co is precipitated as CogHog by BaCOg in presence of Br, Ni 
remains in solution. The sulphides are dried and then strongly ignited 
in an open porcelain crucible : the metals remaining as oxides are dis- 
solved by boiling with a little strong HCl, carbon is filtered oflf if 
necessary, and to the clear solution, after being cooled and mixed with 
Br-water, excess of BaCOg is added in a small corked fiask ; the fiask is 
then well shaken and allowed to stand for about half an hour: on 
filtering, Co if present is detected in the precipitate by the borax bead: 
Ni is precipitated from the filtmte by heating it with KHO; on filtering, 
the presence of Ni in the precipitate may be confirmed by fusing a 
portion of it in the borax bead. 

141. (s) A solution is examined for Zn, Mn, Co, Ni, by 
adding AmCl to it in a boiling tube, then AmHO if necessary 
until it is alkaline, and then AmgS until, after being well 
stirred or shaken, the liquid smells of it. The liquid is then 
boiled, a few drops are poured upon a filter and the colour of 
the filtrate noted ] if it is colourless, sufficient AmgS has not 
been added, more AmgS is then to be poured in, and the liquid 
again boiled. When a few drops run through the filter brown 
or yellow in colour, AnigS has been added in excess, the 
whole is boiled and filtered and the precipitate examined 
by Table III.b (437): the filtrate if yellow is rejected, if 
brown it is examined for Wi according to (431). 
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GEOUP IL A.— COPPER GROUP. 

142. This group includes Hg", Pb, Bi, Cu, Cd ; its mem- 
bers differ from those of Groups IILa, IILb, IV. and V., 
in being precipitated by HgS in acid solutions. With the 
exception of Pb, which in a strong solution is partially pre- 
cipitated by HCl, the members of this group are not pre- 
cipitated by HCl . 

The sulphides differ from those of Group II.b, by being 
insoluble in AmgS or KHO. If very much acid is present, 
H2S does not precipitate the members of this group readily 
or completely, they are precipitated however on dilution. 



Mbrouricum (Hg"). — Use HgClg. 

148. Hg forms two series of compounds distinguished as mercicric 
and mercurous : the mercury in these two states behaves diiferently 
with reagents, and may be distinctively called mercurieum and mercU' 
rosum: in the latter state it is classed under Group I. 

144. H^*: black precipitate (HgS) : if the HgS solution 
is added slowly, the precipitate is first wMte^ then hrown or 
orange^ and ultimately becomes Hack: these changes of 
colour during the addition of HgS are characteristic of mer- 
curic salts. Filter and wash the precipitate : place portions 
if it in three test-tubes : boil one portion with strong HNO3 
and another with strong HCl, the precipitate is not dissolved 
by either acid : mix the contents of the two tubes and warm 
again, the precipitate will now dissolve : boil the third por- 
tion with AmgS, the precipitate does not dissolve. Hence 
HgS is insoluble in hot strong HNO3, in hot strong HCl, 
and in AnigS, but is easily soluble in a mixture of HNO3 
and HCl or " aqua regia ". 

145. SnQl^: white precipitate (HggClg): if more SnClg is 
added and the liquid boiled, the white precipitate becomes 

* A test-tube half full of the solution must be used in order to get suf- 
ficient precipitate for the experiments below. This remark applies also to 
the liquid used for obtaining the HjjS-precipitate with the other members 
of this group. 
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grey and consists of fine particles of Hg ; if the liquid be 
decanted and the grey precipitate be then boiled with strong 
HCl, the Hg particles unite to globules visible by a lens or 
frequently by the naked eye. 

2HgCl2 + SnCLj = Kg^C\ + SnCl^ . 
Hg2Cl2 + SnClg = 2Hg + SnCl4 . 

146. Cu : if a small strip of copper sheet or a copper coin, 
whose surface has been polished and cleansed by rubbing it 
with sand paper, be immersed in some HgClg solution made 
acid with a drop or two of HCl, it will soon become coated 
with a grey film of Hg :— 

HgCl2 + Cu = Hg + Cua2. 

If the surface of the Cu, after having been immersed for 
several minutes, is dried and rubbed hard with a cloth or 
piece of wash-leather, it will appear more or less whitened 
like silver, the liquid metal Hg having " amalgamated " the 
Cu. The Hg may be readily driven off by heating the Cu 
strongly ; if this heating is performed in a test-tube, or better 
in a small hard glass tube sealed at one end (10), a sublimate 
of globules of Hg forms upon the cool sides of the tube. 

147. Mix a little solid HgClg intimately with about three 
times as much NagCOg, by powdering them together in a 
mortar, or with a pestle on a watch glass. Pour some of this 
dried mixture into a perfectly dry small test-tube (see note 
below), and cover the mixture with a small layer of KagCOg; 
now heat strongly first the layer of NagCOg, then gradually 
the mixture : Hg will sublime, condensing in globules on the 
sides of the tubes. Sometimes the globules are so small that 
the layer appears as a grey film ; they may be united into 
visible globules by rubbing the film with a splinter of wood 
or with a thin glass rod (11 a), or the separate globules may 
be seen by means of a pocket lens. 

Note. — The powdered mixture is best dried by spreading it out upou 

a watch glass and placing it in a steam or water oven ; it may be dried 

f also by supporting it on the filter dryer (25) at some height above a 
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s7naU flame. A powder such as the above is most easily placed iu a 
narrow closed tube by alternately scooping the powder up with the 
mouth of the tube, and tapping the tube so as to shake the powder to 
the bottom : or by turning the powder out upon a piece of note paper 
folded over into a trough and pouring it thence into the tube, holding 
both over the watch glasa to catch any substance which falls. Both 
the inside of the tube and the powder must be perfectly dry, else some 
powder obstinately adheres to the sides of the tube and obscures the 
sublimate. The heating must never be commenced until the sides of 
the tube are perfectly clean : they are cleansed if necessary with a 
twisted slip of filter-paper or a wooden match ; also if any drops of 
water condense on the inside of the tube during the first stage of the 
heating they must be removed by a twisted piece of filter-paper, or by 
a small piece of filter-paper rolled round a wooden match or a thin 
piece of wire. 

148. Heat a little solid HgCl2 in a tube closed at one end ; 
the substance sublimes in white fumes, since Hg-compounds 
are volatile. 



Lead (Pb). — Use PbA2.3H20 dissolved in water to which 
a little HA has been added. 

149. H2S: black precipitate (PbS) : this precipitate is red 
if much hydrochloric acid is present in the solution, but be- 
comes black on diluting with water and passing HgS, or on 
adding more HgS-solution. Filter or decant, and show with 
separate portions of the precipitate that PbS is insoluble in 
KHO or AmgS, soluble in boiling dilute HNO3, but con- 
verted by boiling strong HNO3 into insoluble Pb804 . 

160. HCl : white precipitate (PbClg), forms only in cold 
and strong solutions : on boiling, the precipitate dissolves*, 
but the PbClg separates again in beautiful crystals on cooling. 

151. H^SO^ : white precipitate (PbS04) : this precipitate 
is much less soluble in dilute HgSO^ than in water, hence 
H2SO4 should be added in excess to a pretty strong solution 
of Pb : pour off into two test-tubes and let the liquid stand ; 
decant the liquid from the precipitate, and show that the 
precipitate may be dissolved by pouring upon it HA or 



• If the precipitate does not entirely dissolve, add a little water and 
boil again. 
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HgT, then AmHO in excess, and boiling ; show also that it 
dissolves in boiling strong HCl . 

162. K^CrO^ or K^Cr^O^ : yellow precipitate (PbCrO^) : 
pour off into two tubes and show that the precipitate is 
soluble in KHO, but insoluble in HA. 

163. Blovrpipe reaction. — Mix well some powdered 
PbAg-SHgO with about twice as much NagCOg; heat the 
mixture in a cavity on a piece of charcoal in the inner flame; 
a yellow incrustation will form around the cavity and small 
bright white globules of Pb will be seen within it. The in- 
crustation is readily removed when heated in the inner blow- 
pipe flame, colouring the flame azure-blue. Detach one of 
the globules with the point of a knife, place it on the bottom 
of a mortar turned upside down and give it a smart blow with 
the pestle; it flattens out without breaking into powder, 
because Pb is malleable not brittle. If one of the globules 
be fixed upon the point of a penknife, it will be found by 
gentle friction on paper to mark it as a blacklead pencil does. 



Bismuth (Bi). — Use Bi(N03)g.5H20 dissolved in dilute 
HCl. 

164. H^S : brownish-black precipitate (BigSg) : let stand, 
and decant most of the water ; then pour some of the preci- 
pitate into three test-tubes, and show that it is insoluble in 
AmgS and in KHO, but soluble in strong HNO3. 

2Bi(N03)3 + 3H2S = BigSg + eHNOg . 

166. AmHO or KHO : white precipitate (BiHog) ; pour 
off a small quantity of the liquid and precipitate into a tube, 
add much AmHO and warm, the precipitate is undissolved ; 
filter off the rest of the precipitate and dissolve it by pour- 
ing upon the filter a few drops of hot dilute HCl : keep this 
solution. 

166. H2O : pour the HCl solution obtained from the last 
reaction, or some of the original solution, into a large quantity 
of distilled water contained in a beaker: on stirring and 
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letting stand a milkiness appears, due to the formation of 
BiOCl : 

BiClg + H2O - BiOCl + 2Ha. 

Pour a little of tlie milky liquid into two test-tubes ; warm 
one portion after adding to it a little strong HCl, the precipi- 
tate dissolves : to the other add HgT and warm, the milkiness 
remains (difference from ShOCl). If but little Bi is present 
this milkiness often only appears after stirring and letting the 
liquid stand for five or ten minutes. 

157. K^GrO^ or K^Cr^O^j (see Note below) : yellow floccu- 
lent precipitate [Bi2(Cr04)3] : add KHO, the precipitate does 
not dissolve (difference from PbCrO^) ; it dissolves completely 
in HCl or HNOg added in excesa 

Note. — Since this precipitate is soluble in HCl, and HCl is present 
in the Bi-solution used, the free HCl must first be removed by dissolv- 
ing in a little of the Bi-solutiona sufficient quantity of solid NaA ; the 
free HCl is thus replaced by HA, which does not dissolve the precipi- 
tate *^^ 

Nal + HCl-Naa + HA. 

168. H^SO^ : no precipitate. 

169. Bknopipe reaction. — A mixture of powdered Bi(N03)3 
and NagCOg heated on charcoal in the inner flame, gives an 
incrustation orange-red whilst hot, yellow when cold; also 
white globules of Bi which are very brittle, being crushed to 
powder by a sharp blow with a pestle (153). 



Copper (Cu).— Use CuSO^.GHgO. 

Copper salts are usually blue, sometimes green in colour ; their colour 
commonly becomes very pale or disappears when the salts are tho- 
roughly freed from water of crystallisation. 

160. H^S: brownish-black precipitate (CuS) : filter, keep- 
ing the funnel carefully covered with a glass plate, as air 
quickly oxidises CuS to CuSO^ which dissolves and runs 
through with the filtrate. Place some of the precipitate in 
five test-tubes and show that it is insoluble in KHO, in Am2S, 
and in boiling dilute HgSO^, but dissolves in boiling HNO3 
dilute or strong, and in KCy solution. 

161. AmHO added in very small quantity : a greeauR- 
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blue precipitate; if more AmHO is added this precipitate 
dissolves, yielding an intensely blue liquid containing 
(!N'2CuAm4H2)S04 which hecomes again light-hlue on adding 
an acid in excess. 

162. Hc^SO^ : no precipitate. 

163. K^FeCy^: reddish-brown precipitate (Cu^gFeCyg), 
insoluble in HA ; the colour is best seen by trying the reac- 
tion in a white porcelain dish. In very dilute solution, only 
a reddish colour is produced. 

164. Fe : a bright strip of steel or iron, such as the blade 
of a penknife, freed from grease by rubbing with sand-paper 
or by boiling in a little dilute KHO and washing, when 
dipped into CuSO^ solution made acid with a few drops of 
H2'^^4» ^® covered vrith a red film of Cu after a time. 

166. Zn and Pt: Zn if placed upon a piece of platinum 
foil or wire in some CuSO^ solution contained in a porcelain 
dish or watch glass, causes a red film of Cu to deposit on the 
platinum : the CuSO^ solution should be first made acid with 
a few drops of HgSO^ . 

Blovrpipe reactions: — 

166. A mixture of powdered CuSO^.GHgO and NagCOg if 
heated on charcoal in the inner blowpipe flame, gives red 
scales of Cu, which are best seen by separating them as di- 
rected in (33a.) 

^In outer J Green whilst hot, blue when 
flame : ( cold. 

(Red or colourless bead when cold, 
obtained only when very little 
Cu is present, and the bead 
is long heated in a good reduc- 
ing flame*. 

168. Flame coloration : a loop of platinum wire dipped into 
CuSO^ solution, and held in the inner blowpipe flame, or in 
the Bunsen flame gives a gi^een coloration ; the flame shows a 
blue centre, after the loop has been moistened HCl. 

* The red bead is much more easily and rapidly obtained by fusing a 
fragment of Sn or Zn into the bead, the former gives a clear, the latter a 
turbid bead. 
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Cadmium (Cd).— -Use CdS04.4H20. 

169. H^S: bright yellow precipitate (CdS): boil off the 
HgS, and pour the liquid into several tubes ; show with these 
separate portions that the precipitate is insoluble in AnigS, in 
KHO, and in KCy solution, but soluble in boiling dilute 
HNOg and in boiling dilute H2SO4 : dilute the HgSO^ solu- 
tion with much water and pass HgS for a short time, yellow 
CdS is reprecipitated. 

170. AmHO added in small quantity, best by using AmHO 
much diluted: white precipitate (CdHog); on adding more 
AmHO the precipitate readily dissolves. 

171. H^SO^ : no precipitate. 

172. Blotvpipe reaction, — Powdered CdS04 mixed with 
NagCOg and heated on charcoal in the inner blowpipe flamo^ 
gives a brown incrustation. 



173. Group ILa. — Table of Differences. — (See pp- 
108-109. 

174. The colour of the HgS precipitate, and its behaviour 
with strong ffiSrOg, enable the analyst to detect one member 
of this group when present alone: the most characteristic 
special tests for each member of this group will be found 
under its reactions. 

175. (s) The separation of Hg, Pb, Bi, Cu, Cd, depends 
upon the following differences: — 

1. The solubility of Bi^Sg, CuS, CdS in strong boiling 
HNO3; HgS and PbS being insoluble, and remaining as 
HgS and PbSO^ . 

2. The solubility of PbSO^ in HA and excess of AmHO ; 
HgS being insoluble. 

3. The solubility of CuHog and CdHog, and insolubility of 
BiHog, in excess of AmHO . 

4. The solubility of CdS and insolubility of CuS in boil- 
ing dilute H2SO4. The insolubility of CdS in KCy solution, 
in which CuS easily dissolves, furnishes another means of 
separation. 
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After having been separated, the presence of each metal 
is confirmed by some special test. 

176. (s) A solution which may contain Pb, Hg, Bi, Gu, Cd, 
mixed is first made acid, if not already so, with a little 
HCl''^ ; H2S is then passed in a rapid stream through the solu- 
tion for about five minutes ; the precipitate is filtered off, the 
filtrate mixed with HgS-water, or diluted with a little water 
and HgS again passed for a short time, to ascertain whether 



Group ILa. 



Tests. 


Hg— salts. 


Pb— salts. 


a. For liquids. 

1. Pass H2S, or add H2S 
water: 

2. AddH2S04: 

3. Add AmHO : 


Black precipitate; when fil- 
tered and weU washed, in- 
soluble in boiling strong 
HNO3, and unchanged by it. 


BlcKk precipitate; almost 
insoluble in boiling strong 
HNOs, changed by it into 
white FhaOi. 

White precipitate. 

White precipitate, insoluble 
in excess. 


White precipitate, insoluble 
in excess. 


6. Blowpipe reactions for 
solids. 

4. Heated with NajCOs on 
charcoal in the inner 
blowpipe flame : 


Test for Hg by (147). 


Yellow incrustation; white 
malleable globules. 



* A T^hite precipitate of PbClj, which may form if the solution is very 
strong, is neglected, since it is readily convertible into PbS by H^S. 
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all the metals have been completely precipitated : if no 
further precipitate is produced the filtrate may be rejected ; 
bat in case HjS causes further precipitation, the gas must be 
passed for some time longer, and the liquid poured again 
through the filter, the filtrate only being rejected when HgS 
no longer produces any precipitate in it ; the precipitate i& 
then examined by Table XL (435), commencing at Group 
ILa. (Copper Group), and using only the left-hand side of 
the Table. 



Table of Differences. 



Bl— salte. 



Black ivecipitate; soluble 
in boUing strong HNO, 
to fomi a colonrlefls solu- 
tkm. 



IHHte preciirftate, insoluble 
in 



Conilnn by (ise). 



Orange-red incrustation ; 
wUte In^ttle globules. 



Cu— salts. 



Cd— salts. 



Black precipitate ; soluble in > Yeilow precipitate ; soluble 
boiling concentrated HXO3 ! in boiling HNO3, and in*' 
to form a blue solution ; ! boiling dilute H^04 
insoluble in boiling dilute ' 
U2SO4. 



Blue precipitate, easily so- \ WMte precipitate, easily 
Inble in excess to a deep soluble in excess, 
blue liquid. 



I 



No incrustation ; red metallic 
scales. 

Confirm by (167, 108). 



Brown incrustation ; no glo- 
bules. 



► 
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GROUP ILb.— AESENIC GROUP. 

177. This group includes As, Sb, Sn ; its members differ 
from those of Groups IILa., III.b., IV. and V. by being 
precipitated by HgS in a solution made acid with HCl ; they 
differ from those of Group I., in not being precipitated by 
HCl. 

The sulphides of this group, which are precipitated by 
HgS, differ from those of Group II. a. by being soluble in 
AmgS or KHO . 

178. Each member of this group forms two scries of com- 
pounds which resemble each other in many reactions, but 
also present several differences. The two classes are dis- 
tinguished conveniently by the terminations -ic and -otis 
thus we speak of arsen/c and arsenioi** acid. 



Arsenic (As). 



For arseniow* compound use HCl solution 



of AsgOg . 



For arsenic compound use water solution 
of Na2HAs04.12H20. 



A. Tbstb which give ultimately the same result with 

BOTH SETS OP COMPOUNDS. 

The two solutions should be taken in separate test-tubes 
and a portion of each tried in succession with each reagent ; 
-the difference of behaviour is thus more easily appreciated 
and remembered. 

Arsenfc compounds are converted into arsenioz^^ by boiling 
with HCl; this explains reactions (179) and (180) with arsen/c 
.solutions 
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Reagent. 



179. H,S: 



180. Cu : three 
or four nar- 
row strips 
brightly pol- 
ished with 
sand paper. 



ArsenlotM solution. 



In neutral solutions only a yellow 
colour is produced, but if the 
solution is acid with HCl a light 
yellow flocculent precipitate 
(AsjSg) forms immediately even 
in the cold. Shake up and 
pour some of the liquid into 
another test-tube and show that 
KHO and Am^S, added to 
the separate portions drop by 
drop, dissolve the precipitate, 
which, however, is thrown down 
again on addition of HCl in 
excess*. 

Rein8ch*s test. — If boiled in the 
solution to which some dilute 
HCl has been added, Cu be- 
comes coated with a black film 
(As^Cus) ; if the Cu strips are 
carefully dried by being pressed 
between filter-paper, and are 
heated in a small dry test-tube, 
a white sublimate of As^Og 
forms in the upper part of the 
tube ; on being examined with 
a lens this is seen to consist of 
white octahedral ciystals. This 
sublimate may be dissolved 
when cold in a little hot water, 
and the presence of As confirmed 
by tests (179) and (187). The 
presence of As in the de- 
posit should always be con- 
firmed in this way, since other 
metals besides As are deposited 
on Cu as a black film. 



Aiienic solution. 



acid 

is 

H„S 

the 



No precipitate is 
produced in 
the cold solu- 
tion acidifieil 
with HCl ; but 
if the 
solution 
boiled, 
causes in 
hot solution, 
first a milky 
precipitate of 
S, then yellow 
As^Sg . 

The same deposit 
is obtained as 
with AsjOg, 
but only wnen 
strong HCl is 
added and the 
liquid boiled. 



♦ The KHO solution of the precipitate and the AsjSj precipitated from 
it by HCl are often discoloured by black sulphides formed by the action 
of HjS upon Pb or Fe present as an impurity in the KHO : this dis- 
coloration may be almost entirely prevented by boiling the liquid before 
adding KHO, the free HgS is thus expelled. 
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TbSTS DEPENDING ON THE FORMATION OF AsHg. 

Note 1. — ^As AsHg is a very poisonous gas, the following experiments 
should be perfonned in a cupboard provided with a good draught, or in 
the open air. 

Note 2. — ^Arsenic-compounds give these reactions less readily than 
arsenicm^, but by being boiled with HCl for a short time they are 
converted into arsenioz^^ compounds, which then readily give the 
following reactions. 

18L HofmanrUe method. — If some scraps of Zn and some 
dilute HCl, both free from As, be placed together in a small 
flask fitted with a funnel-tube dipping below the liquid and a 

delivery-tube, as shown 
^^^- ^^* in figure 33*, H wiU be 

given off either at once 
or on adding a little 
strong HCl : — 

Zn-h2HCl = 2H-|-ZnCl2. 

The hydrogen can be 
made to bubble through 
some PbAg-solution con- 
tained in a second small 
flask connected with the 
first by a piece of india- 
rubber tubing ; the gas, thus freed from any HgS with which 
it might possibly have been mixed, is then allowed to bubble 
through some AgKOa solution contained in a test-tube which 
is supported in a small beaker -, if the Zn and acid were free 
from As, no precipitate or colour is produced in the AgNO-j^ 
solution. 

If a little AsgOg solution be now poured into the larger 
flask through the funnel, a black precipitate (Ag) will begin 




* In order to be sure that the corks and tubes fit air-tight, moisten the 
outside of the cork after it has been placed in the neck of the flask, and 
having closed one tube, blow down the other. No air bubbles must be 
seen or heard to escape. Several of these apparatus may be kept ready 
fitted in the laboratory for general use. 
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to form in the AgNOj solution; this is produced by the 
AsHg evolved by the action of the H upon the AsgOj : — 

AS2O3 + 12H = 2AsH8 + SHgO . 

The AsHg on passing into the AgNOg solution, reacts thus : — 

A8H3 + 6 AgNOg + 3H2O = 6 Ag + HgAsOg + 6HNO3 • 

Hence Ag is precipitated, and HgAsOg remains in solution. 

As soon as a copious precipitate has been obtained, the test- 
tube is removed. It will be best to put by the test-tube with 
its contents to be examined af torweirds as directed below, and 
whilst the gas is coming off to proceed at once to use it for 
reactions (182) and (183). 

The liquid in the test-tube is filtered, the precipitate 
rejected, and several drops of AgNO^ solution are added to 
the clear filtrate. On mixing with this liquid drop by drop 
some very dilute AmHO,* and stirring or shaking after each 
addition, a light yellow precipitate (AggAsOg or AggHAsOg) 
will be obtained. The formation of this precipitate on addi- 
tion of AmHO, is explained by the fact that HgAsOg is in 
the solution in the presence of AglSTOg and also of HNOg 
(see last equation) ; now AgNOg forms with HgAsOg a yellow 
precipitate (AggAsOg) if no free acid is present in the liquid 
(187) ; hence on neutralising with AmHO the free HNOg 
already present, and that which is formed by the action of 
AgNOg on HgAsOg, the precipitate appears : — 

HgAsOg + SAglSrOg + 3AmH0 = AggAsOg + SAmNOg + 3H2O. 
This precipitate is also readily soluble in AmHO ; hence great 
caution is requisite to use very dilute AmHO, and to add it 
gradually. 

Catdion, — Both flasks should be rinsed out each time after 
use, else some of the AsHg may remain in them and be driven 
out in a future operation. 

182. Disconnect the larger flask from the smaller, and slip 
into the india-rubber joint a tube of hard glass about four inches 
in length whose end is drawn out to a fine jet, and supported 
on the ring of the retort-stand (fig. 34, p. 114) ; if the gas is 

* Made by pouring several drops of AmHO solution into a test-tube, 
then nearly filling up with distilled water and shaking the tube. 
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not coining off briskly pour in through the funnel-tube a little 

strong HCl and light the gas as it issues from the jet*. The 

jijQ g^ flame will differ from that 

of pure H by burning with a 
bluish tinge, and by giving 
off white fumes of AsgOgf. 
Press down upon the 
flame the inside of a por- 
celain crucible lid or of a 
porcelain crucible or dish, 
a dusky black film of As 
will be deposited upon the 
cool surface ; pour upon 
this some NagClgO solution, the stain is rapidly dissolved. 
Warm also a stain of As, obtained inside a porcelain dish, with 
AmgS, it will dissolve and on gentle evaporation will leave 
yellow AS2S3. 

183. Add a little more strong HCl if necessary to cause 
the gas to come off rapidly, light it at the jet and heat a point 
Fig. 86. ^©ar the middle of the tube strongly (see 

fig, 34) ; a black mirror of As will form just 
beyond the part heated by the flame, and 
the flame burning at the jet will meanwhile 
become colourless, showing that the arsenic 
has been removed from the hydrogen. Heat 
another point in the tube so as to produce 
a second mirror ; then divide the tube be- 
tween the mirrors, and show by wanning 
one portion when cold with some NagClgO 
solution in a test-tube, that the mirror is soluble in NagCLjO ; 
show that the other, when heated in the tube held obliquely 

* If the experiment is performed as here directed, the H will have been 
evolved for some time before being lighted, and there is no fear of an 
explosion occurring ; but if the H is being produced for the first time, 
allow it to escape briskly for four or five minutes, and ascertain that a 
test-tube full of the gas bums quietly (see Exp. 8, p. 10) before adding 
the liquid to be tested for As and lighting the gas at the jet. 

t If these appearances are not noticeable, pour a little more As^Os 
solution into the flask through the funnel and mix by gentle shaking. 
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in the flame, or bent as shown in flg. 35, gives a subli- 
mate of A62O3. Dissolve the sublimate when cool in a little 
hot water and confirm the presence of As by reactions (179) 
and (187). 

Tests (182) and (188) were first suggested by Marsh ; the former is 
usually known as Marshes test, 

188 a. AsHg produces a characteristic colour with HgCl, solution. 
Remove the cork from the larger flask and push a plug of cotton- 
wool into its neck to stop any spirting from the liquid in the flask, then 
cover the mouth of the flask with a small piece of filter-paper moistened 
with HgClj solution. The paper becomes coloured first yellow then 
hrown, 

184. If some pieces of Zn or Al be boiled in KHO solutions H is 
evolved which is &ee from odour, but if a little As^Og solution be now 
added and the liquid be again boiled, a garlic odour is evolved owing 
to the formation of AsH, : — 

j Zn + 2KH0 - Ha + ZnK,0, . 
\ AS2O3 + 12H - 2AsH8 + 8HaO . 

If a small slip of filter-paper moistened with AgNOg solution and placed 
on the end of a glass rod*, be held in the gas in the mouth of the tube 
whilst the liquid is being boiled, the paper will be stained black by the 
separation of Ag (181). 

This reaction does not succeed with arsenu; compounds unless they 
are first reduced by boiling with HCl. It is not given by any Sb com- 
pounds (difference between As and Sb). 

185. If any solid substance containing As be mixed 
with powdered NagCOg and KCy or with KgCgO^ in a 

mortar, and a small 

i^> J. , ■• . Fio. 36. 

quantity of the mix- 
ture, after having 
been dried for some 
time at a gentle heat 
on a watch glass, be 
iutroduced into a 
little bulb-tube of hard glass (fig. 36) or small test-tube at 
least three inches in length ; and if the substance be then 
heated, observing the .precautious stated in the note under (147), 




* A simple method of getting a moistened piece of paper on the rod is 
to dip the rod into AgNOg solution ; then gently press the paper slip 
upon it whilst the rod is wet. 
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a black mirror of As forms in the cooler part of the tube and 
frequently a smell of garlic may be detected at the mouth of 
the tube. If the bulb be cut off and the mirror be heated 
by holding the tube obliquely in the flame (fig. 35), or if the 
As be resublimed in the test-tube, the mirror is converted 
into a sublimate of AsgOg crystals. 

186. Blowpipe reaction, — If any solid substance containing 
As is mixed with NagCOg and the mixture is heated on 
charcoal in the inner blowpipe flame, a smell of garlic is 
produced, which is noticed if the charcoal is removed from 
the flame and smelt. The flame is also coloured livid blue, 

A little solid AsgOg heated in a small ignition tube is 
readily "sublimed," and the sublimate is seen under a 
microscope or a powerful lens to consist of octahedral 
crystals. 
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B. Distinctive tests for absehious and absen/c oompounds. 



Reagent. 



187. JgNO^, 

several drops 

are added to 

a solution of 

As^Os in water. 

Far this reaction 

AsoOs dissolved 

in boiling water is 

employed, becanse 

HCl would yield 

a precipitate of 

AgCl. 



188. 



several drops : 



189. CuSO^, 
two drops : 
then EHO 
added : 



190. AmCl, 
AmROy and 
MgSO^ : 



ArseniotM compound. 

Use As^Oa dissolved in HCl 

except for (187). 



lAgTU-yellow predpUcUe, 
(AgjHAsOj or AggAsOg): 
this precipitate forms only 
on aading carefally, drop 
by drop, a little dUute 
AmHO * : show that it is 
dissolved by AmHO and 
by HNO.. It is also 
appreciably soluble in 
ionNOg: hence, if too 
much AmHO has been 
added, the precipitate does 
not always form on neutra- 
lizing with HNOg . 

Yellowish-green precipitate 
(Cu"HAsOg): tMs precipi- 
tate forms only on adding 
dilute AmHO carefully, 
drop by drop f : show 
that it is soluble in 
AmHO and in HNO,. 

The above yellowish-green 
precipitate is first pro- 
duced, but on addition of 
more EHO this dissolves 
to a clear bltie li(]^uid 
which on beins boiled 
deposits red Cu^O. 
No precipitate. 



Arsenic compound. 

Use Na2HAs04j2H20 

dissolved in HjO. 



Brovon precipitate, 
(Ag,As04) : show 
that it is soluble 
in AmHO and in 
HNOg. 



Pale-green precipitate, 
(CuHAsOJ: soluble 
in AmHO and in 
HNOg. 



No clear blue solution 
is obtained, and no 
Cu.O is produced on 
boning the liquid. 



White crystalline pre- 
cipitate( MgAmAs04) : 
if filtered off and 
moistened with 
AgNOg solution on 
the filter it becomes 
brown. 



* As^O^ when dissolved in water yields HgAsOg which cannot give with 
AgNOg the AggAsOg precipitate because this decomposition would liberate 
HNOg in which AggAsOg is soluble ; hence the addition of AmHO is neces- 
sary to neutralise the free acid ; but since the precipitate is also soluble in 
AmHO, the latter must be added carefully in only just sufficient quantity to 
neutralise the acid. This is best effected by using some very dilute AmHO, 
made by pouring a few drops into a test-tube, filing the tube two-thirds 
with distilled water, then closing it with the thumb, and inverting it for a 
moment. The dilate AmHO is to be added drop by drop, shaking or stir- 
ring the test solution after each addition until the precipitate is obtained. 

t The precipitate produced by CUSO4 is soluble in acids, hence the 
HCl present in the solution must be neutralised by careful addition of 
AmHO before the precipitate will appear. 
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Antimony (Sb).— Use SbClg, or 2KSbOT.H20 " Tartar 
emetic," dissolved in dilute HCl . 

Antimonic compoTinds give results ultimately identical with anti- 
monioics in the following eight reactions, except in (192). After these 
reactions, which are common to Sb in both its sets of compounds, are 
giv^n two which are distinctive : they are, however, rarely used and 
may be neglected by the student. 

191. JjTg^- orange-red precipitate (SbgSg) : pour into two 
tubes and show that the precipitate is dissolved when warmed 
with pure NaHO or with AnigS, but is reprecipitated^from 
these solutions on addition of HCl in excess. 

192. If poured into much water, SbClg solution yields 
a white precipitate or turbidity (SbOCl) : this precipitate 
redissolves on adding HCl and warming, and is also readily- 
soluble in HgT; in this latter respect it differs from the 
similarly formed BiOCl precipitate (156), 

198. If a few drops of acid SbClg solution be poured upon 
a piece of platinum foil * and a piece of Zn be dropped into 
it, a black deposit of Sb will rapidly form on the foil. If the 
foil be rinsed vnth. water, and then boiled with HCl, the stain 
remains undissolved, but it is rapidly removed by boiling 
HNO3. 

Tests depending on the formation op SbHg : — 

SbH3 differs from AsHg in not being poisonous, and in being free 
from smell. 

194. If SbHg gas, formed by the action of acid SbClg 
solution on Zn, is passed into AgNOg solution in a precisely 
similar way to that described for AsHg (181), a black pre- 
cipitate (SbAgg) forms : — 

SbHg + SAgNOg = SbAgg + 3KN0^. 

This precipitate is to be filtered off, and the filtrate, which 
will contain no Sb, rejected. Wash the precipitate four or 
five times with boiling water upon the filter: then pour 



» 



* A slip of platinum foil laid in a watch glass or porcelain dish, or with 
turned up edges, may be employed : the inverted lid of a platinum crucible 
ia very coarenient for this purpose. 
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upon it boiling dilute HgT solutioQ, which will dissolve the 
Sb, and receive the liquid in a test-tube ; boil it, and pour it 
once more upon the filter ; add HCl to the liquid, filter if 
necessary, and pass HgS into it, orange-red SbgSg will be 
precipitated. 

196. A stain produced by Sb on porcelain, in the manner 
already described (182), differs from the As stain in presenting 
a dead surface and in being insoluble in NagClgO ; also when 
the stain is dissolved by warming with AmgS, the solution 
if gently evaporated leaves orange-red SbgSg . 

196. The Sb mirror, obtained as described in (183), differs 
from the As mirror by being formed much nearer to the flame, 
and on both sides of the heated part of the tube ; it may 
further be distinguished by the tests given in (195). This 
mirror, after oxidation, is also insoluble in boiling water : and 
if dissolved in a little boiling HCl the solution gives an 
orange-red precipitate (SbgSg) when HgS is passed into it, 
whereas the AsgOg solution gives yellow AsgSg . 

196 a. SbH, if allowed to act on filter-paper moistened with HgOl^ 
solution, as described in 183 a for AsHg, yields a greyish-brovm stain. 

IVT. Boiled with Zn or Al and KHO, no SbHg is evolved. [Differ- 
ence from As (184)]. 

198. K a little solid KSbOT or SbgOg, or any substance 
containing Sb, be mixed in a cavity on wood charcoal with 
NagCOg and KCy, and the mixture be heated in the inner 
blowpipe flame, a white incrustation forms on the charcoal, 
and white globules of metallic Sb are obtained which are 
extremely brittle. The flame is coloured pale green. If the 
melted Sb be allowed to stand aside on the charcoal, the 
globule emits a white smoke, and coats itself with sharp 
white crystals of the oxide. 

The two distinctive tests (199, 200) for antlmonious and 
antimonic compounds given in the following Table are seldom 
used ; they may be read through without trying the reactions, 
and may be referred to hereafter if required for analytical 
purposes. 
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[199-203. 



DiSTINCnVK TESTS FOE ANTIMON/OIT^S AND ANTIMON/C 

COMPOUNDS. 



Beagent. 



199. Add excess of 
KHO,thenAgNOs 
solaUon: 



200. Add excess of 
HCl and warm; 
then pour in a 
Utile KI solution: 



Antimoniotw. 

(Use the above solution of 

SbCla in dilate HCL) 



A dark-coloured precipitate 
which when shaken after 
addition of AmHO leaves 
black AgfO undissolved. 

No iodine is set free; proved 
by the liquid not turning 
brown and giving no colour 
after being cooled and mixed 
with freshly-prepared starch 
solution. 



Antimonie. 
(Use EgSbsO; solution, ob- 
tainea by boiling some 
'* Potassium metantimo- 
nate " with HjO). 



A brown precipitate, which 
dissolves entirely on ad- 
dition of AmHO. 



Iodine is liberated, giving a 
brown colour to the liquid 
and yielding a deep blue 
colour when starch solu- 
tion is added to the cold 
liquid. 



Tin (Sn). — Stannosum and Stannicum. 

Distinctive reactions for stanjsous and stann/c? 

compounds. 



Test 



201. Pa8sH,S: 



202. HgCl^: 



208. Ana, : 
added after a 
few drops of 
SnCl^ somtion 
or of CI water: 



StannoiM Compounds. 

Use SnClt.2H20 dissolved in 

dilate HCl. 



Dark-brown precipitate 
(SnS) : pour off two por- 
tions and show that the 
precipitate is soluble in 
KHO and in yellow Am^ 
on heating ; and is preci- 
pitated again by HCl, 
from the KHO solution 
as brown SnS, from the 
AnouS solution as yellow 
Sns,. SnS differs from 
SnS, in being insoluble 
in colourless Am^S, which 
readily dissolves SnS,. 

A white precipitate (He,Cl,) : 
turns grey on being boiled 
if the SnCl, is in excess 
(146). 

Purple or dark hrownpred' 
pitatCf ' 'Purple of Cassius." 



stannic Compounds. 
Use SnCU in dilute HCI. 



Yellow precipUcUe 
(SnS,), often form- 
ing only when the 
liquid is heated : 
pour off portions and 
show that the preci- 
pitate is soluble in 
Am^ (both yellow 
and colourless) and 
in KHO on heating, 
and is precipitated 
again by HCl as 
yellow SnS, from 
both solutions. 
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RecLctiona common to Stannous and Stannic compounds. 

204. Zn in presence of HCl precipitates from Sn solu- 
tions a spongy mass of Sn : the Zn and solution should be 
allowed to stand together for some time in a small porcelain 
dish, the action is much hastened by gentle heat. If this 
test is done on platinum foil the Sn is deposited in a spongy 
state on the Zn, and does not stain the Pt (difference from 
Sb). SnCl^ is not so readily acted upon by Zn as SnClg is ; 
from SnCl2 the Sn is often precipitated in beautiful crystals. 

206. A solid Sn-compound, SnClg or SnOg, mixed with 
powdered NagCOg and KCy and heated on charcoal in the 
inner blowpipe flame, gives a slight white incrustation and 
white particles of metallic Sn which are with difficulty fused 
into globules. The globules of Sn differ from those of Pb 
by not marking paper (153). 
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206. Group ILb. — ^Tablb op Differences. 

The following tests answer for these elements in both sets of com- 
pounds : for distinctive tests see the preceding reactions. 



Tests. 



a. For liquids. 

1. Pass HjS into 
the solution 
acidified with 
HCi and heat ; 
if no precipi- 
tate forms heat 
to boiling, and 
again pass H2S: 

2. Zn and HCI: 



3. Zn and HCI on 
platinum: 



b. For solids. 

4. Heated with 
NasCOa and 
KCy on char- 
coal in the 
inner blowpipe 
flame: 

5. Heated with 
solid NaoCOs 
and KCy In a 
bulb tube: 



As. 



TeUow precipi- 
tate, Insoluble 
in boiling 
strong HCI . 



AsHa gas is 
evolved, which 
if passed into 
AgNOsSolution 
gives a black 
precipitate of 
Ag, H3ASO3 be- 
ing left in solu- 
tion; on adding 
dUttte AmHO 
to this solu- 
tion, yellow 
AgaAsOa pre- 
cipitates. 



AsHs evolved, no 
stain on the 
platinum. 



No metallic glo- 
bules; smeU of 
garlic. 



Black mirror and 
smell of garlic. 



Sb. 



Orange-red T^reci- 

fitate, soluble 
n boiling 
strong HCI . 



ShHa gas is 
evolved, which 
if passed into 
AgNOa solu- 
tion gives a 
precipitate of 
AgaSb, from 

which hot H^T 
solution dis- 
solves Sb; HoS 
gives in this 
solution after 
adding HCI 
orange-red 
SbgSs . 

Black stain of 
Sb on the pla- 
tinum. 



Brittle metallic 

globules, white 
icrustation. 



Sn. 



SnS — Brown 
precipitate. 

SnSa — YeUow 
precipitate. 
Both soluble in 

boiling strong 

HCI. 



5nis deposited on 
the Zn strips. 



Sn deposited on 
the zinc, no 
stain on the 
platinum. 



Malleable metal- 
lic globules, 
white incrusta- 
tion. 



The detection of any one member of this group is simple ; 
the colour of the precipitate with HgS, confirmed by special 
tests, is quite sufficient to identify it with ease. 

207. (s) Many methods have hem proposed f(yr the separa- 
//cm and detection of As, Sh, and Sn, when mix^d ; two of 
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the most trustworthy are those introduced by Hofmann (208) 
and by Freaenius (210) ; a method more simple, though less 
trustworthy, is given in (209). 

208. (s) Hofmann^s method consists in pouring the solu- 
tion into a flask, in which H is being generated by the action 
of HCl upon Zn ; Sn remains as a spongy mass on the Zn, 
As and Sb are evolved as AsHj and SbHg ; these gases, if 
passed into AgNOg solution, yield soluble HgAsOg and in- 
soluble AggSb, which are separated by filtration ; the three 
members of this group thus separated are then detected by 
special tests. 

As, Sb, Sn, occurring together in a solution, are tested 
for by precipitating them with HgS, filtering, and testing 
the filtrate by passing HgS through it as was directed for 
precipitating Group II. a. The precipitate is then examined 
by Table 11. (435 6, Arsenic Group), using only the right 
hand side of the Table. 

The HgS precipitate may also be examined by the simpler 
method given in (209), or by the very accurate, but less 
simple method in (210). 

209. (s) The following method of examining a precipitate, 
produced by HgS, for As, Sb, Sn is recommended by its com- 
parative simplicity; it is sufl&ciently accurate for ordinary 
analyses where traces of these metals have not to be looked 
for. It depends upon the insolubility of AsgSg in hot strong 
HCl, in which SnS, SnSg, and SbgSg are soluble ; the further 
separation of Sb and Sn is effected either by adding Zn alone 
to the acid solution, when Sb is evolved as SbHg and Sn is 
deposited upon the Zn, or by adding Zn and Pt, when Sn is 
deposited on the Zn and Sb on the Pt. 

The precipitate produced by HgS is filtered off and allowed 
to drain for some time upon the filter in the funnel ; it is best 
to drain it still further by carefully taking the filter out of the 
funnel, opening it out, and spreading it upon a piece of filter- 
paper folded several times upon itseK ; the precipitate is then 
removed to a small porcelain dish and heated for some time 
nearly to boiling with strong fuming HCl ; the liquid is cooled 
and filtered : — 
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[210. 



The residue will 
consist chiefly of 
AS2S8, which is 
almost insoluble 
in strong HCl. 

Dry the washed re- 
sidae on the filter 
at a gentle heat, 
then mix it with 
three or four times 
as much powdered 
KCyandNajCOs, 
and heat the mix- 
ture in a small 
bulb-tube, remov- 
ing any drops of 
water inside the 
tube by a twisted 
piece of filter- 



paper ; a 



black 



mirror (186) : — 
Presence of As. 
JVote.— TheAsjSg 
may also be dis- 
solved by heating 
with a little fuming 
HNOo. The excess 
of HNO3 is boiled 
off and As detected 
as H8ASO4 by add- 
ing AmCl excess of 
AmHO and MgS04 ; 
or by addition of 
AgNOg, and then 
cautiously neutral- 
ising with AmHO . 



The fiUnUe may be examined for Sb and Sn by 
either I. or II. below : — 

I. Place a piece of platinum-foil in a porcelain 
dish and pour the acid filtrate upon it, then 
touch the foil with a piece of Zn ; U will come 
off with effervescence, and if either at once or 
after a few minuter a black stain appears 
upon the platinum the presence of Sb is indi- 
cated*. 

The platinum-foil is removed and pieces of Zn 
are placed in the li<^uid : as soon as the bubbles 
of H cease to be given off, Zn still remaining 
undissolved, remove the pieces of Zn, rubbing 
and rinsing anv dark deposit back into the 
dish ; let this deposit settle, decant the liquid 
and heat the solia deposit with strong HCl for 
several minutes in a test-tube, dilute with a 
little water, filter if necessary, and add to the 
solution a few drops of HgCl^ solution : a white 
or grey precipitate (204, 202) indicates the 
presence cf Sn, 



II. The acid filtrate is poured into a little hydro- 
gen flask (fig. 34, p. 114), in which H has been 
coming off briskly for about five minutes, beinc 
producedl by the action of a little strong HCi 
upon some pieces of Zn. The H is lighted at 
the jet, and the inside of a small porcelain dish 
or crucible lid pressed down upon the flame : a 
black stain not dissolved by hot Na^Cl^O solu- 
tion shows the presence of Sb, 

The residue in the flask is tested for Sn, as 
directed in the latter part of I. (above). 



210. (s) The following method of detecting As, Sb, Sn, 
described by Fresenius, is very delicate and trustworthy. It 
depends upon the fact that fusion with NagCOg and NaNOg 
converts AsgSg into soluble NagHAsO^, SbgSg into insoluble 
NagHgSbgOy, and SnSg into insoluble Sn or SnOj . 

The precipitated sulphides are dried on the filter, and the 
precipitatet mixed well on a watch glass or in an agate- 



* The Sb thus deposited on the Pt may, after rinsing the foil, be dis- 
solved by heating the Pt in a test-tube with a little very dilate HNOj ; on 
cooling, diluting, and passing H^, an orange-red precipitate will fonn, 
confirming the presence of Sb, 

f If the Quantity of the precipitate is very small, the part of the paper 
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mortar with equal weights of powdered NagCOg and NaNOg ; 
this powder is dropped in small quantities at a time into 
some NaNOg kept melted in a small porcelain crucible over 
a Bunsen flame. When the powder has all been added, the 
crucible is heated sufficiently to keep the substance melted 
for a few minutes, and the melted mass is then poured into 
a small dry porcelain dish; as soon as the substance has 
cooled, cold water is poured upon it in the dish and also upon 
the residue adhering to the inside of the crucible, and the 
solid substance is allowed to soak for some time with occa- 
sional stirring, crushing it by pressure with a pestle if it does 
not easily fall to pieces ; it is then filtered : — 



The residue is washed on the filter with a mixture 
of equal measures of water and alcohol, to pre- 
vent solution of the NasHsSbgO^, the washmgs 
are rejected. The precipitate is then rinsed 
into a small porcelain dish, using as little 
water as possible ; a few drops of strong HCl 
are added and the dish is heated, more HCl 
being added, if necessary, to make the liquid 
acid to litmus-pa{)er. Whether the residue has 
dissolved or not, place in the liquid a piece of 
clean platinum-foil, and upon the foil a piece of 
pure Zn. If a black stain forms after a time 
upon the platinum, it proves i^tpreservce ofSb*. 
When the Zn ceases to be acted upon, Sn if 
present will remain as a spon^ deposit This 
IS to be washed by decantation, dissolved by 
boiling with HCl in a test-tube, and HcClj 
added immediately to the solution ; a white 
precipitate (202) shows the presence of Sn. 



FUtrate: HNOj is 
added until the 
solution is just 
acid after being 
boiled, then 

AgNOg solution 
is poured in as 
long as it causes 
any precipitate, 
and very dilute 
AmHO 18 added 
little by little +; 
a brown precipi- 
tate, readily dis- 
solving in excess 
of AmHO, shows 
the presence of As, 



GEOUP L— SILVER GROUP. 

211. This group includes Pb, Ag, Hg' (Mercurosum) ; its 
members differ from those of all the other analytical groups 
by being precipitated as chlorides by HCl : since, however, 



containing the precipitate is cut up into small pieces and treated as the 
precipitate. 

* See the first foot-note on p. 124. 

t Instead of mixing dilute AmHO with the liquid, it may be carefully 
poured upon the top of the liquid ; a brown colour is then seen at the sur- 
face of contact. 
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PbClg is rather soluble in water, Pb is not entirely precipitated 
by HCl, and is usually found also in Group II. a. as PbS. 



Lead (Pb). — Reactions already given in Group II. a. 
(149-153). 



Silver (Ag). — Use AgNOg solution. 

212. HCl: white precipitate (AgCl), becomes curdy on 
being shaken or heated: pour off into four tubes; filter one, 
wash the precipitate and let it stand for some time exposed 
to sunlight or common daylight, it will become blackish- 
purple; show with the other portions that AgCl dissolves 
readily when heated with AmHO or with KCy solution, and 
is precipitated again from these solutions on adding HNO3 in 
excess ; also that it is insoluble in HNO3 even on boiling. 

218. H^ or Am^S: black precipitate (Agj,S), insoluble in AnigS 
or EHO, soluble in boiling dilute HNOg . 
214. KHO: brown precipitate (AgHO), insoluble in excess. 

216. AmHO: light-coloured precipitate, produced only 
when very dilute AmHO is added drop by drop, easily 
soluble in excess of AmHO . 

216. A mixture of a solid Ag-compound and powdered NagCOg 
heated on charcoal, gives white malleable globules or scales of Ag and 
no incrustation. 



Mbrcurosum (Hg'). — Use Hg'2(N03)2.H20 dissolved in 
dilute HNOg . 

Reactions. (146, 146, 147, and 148) given under Mercuricum (Hg") 
yield precisely similar results with Mercurosum (Hg') and may be 
repeated with Hg'2(N08)2 solution. 

In reaction (146) however it is not necessary to add acid since the 
Hg'2(N03)2 solution is already acid. 

217. HCl: a white precipitate (Hg'gClg), insoluble in 
dilute acids unless warmed with both HCl and HNO3, which 
convert it into soluble Hg^Clg : becomes black when AmHO is 
poured upon it, but does not dissolve. 
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218. AmHO or KHO\ black precipitate, insoluble in 
excess. 

219. H^: black precipitate (Hg',S): this precipitate like Hg"S (144) 
is insoluble in Am^S, in hot strong HGl, and in hot strong HNO„ but 
is easily dissolved when heated with a mixture of HNO3 and HOI . 

220. Group I. — Table of Differences. 



Tests. 


Pb. 


Ag. 


Hg'. 


a. For liquids. 

1. AddHCl: 

2. Add AmHO : 
S. AddKaCrO^: 


White precipitate, 
soluble in hoilina 
water; AmHO 
neither dissolves 
the precipitate 
nor changes its 
colour. 

White precipitate, 
insoluble in ex- 
cess. 

Briaht yellow pre- 
cipitate. 


White curdy pre- 
cipitate, insolu- 
ble in boiling 
water, easily 
soluble in warm 
AmHO, repre- 
cipitated from 
this solution by 
adding HNOs ^ 
excess. 

Broum precipitate, 
readily soluble in 
excess. 

Chocolate-red pre- 
cipitate. 


.White precipitate, 
insoluble in boil- 
ing water, and 
insoluble in 
AmHO, but 
blackened by it. 

Black precipitate, 
insoluble in ex- 
cess. 

Scarlet-red preci- 
pitate. 


h. For solids. 

4. Fused with 
NaXOs on char- 
coal in the inner 
blowpipe flame : 

5. Heated in a 
bulb-tube, mixed 
withNajCOa: 


WhiU maUeable 
gUbuLes of m^tal 
which mark pa- 
per; yellow in- 
crustation on the 
charcoal. 


White malleable 
globules or scales 
which do not 
mark paper; no 
incrustation. 


No metallic glo- 
bules. 

Orey sublimate, 
consisting of 
globules of me- 
tJEtllic mercury. 







By the above differences any one member of this group is 
readily distinguished. 

221. (s) The separation and detection of Pb, Ag, and Hg', 
when mixed, depend upon : — 

1st. The solubility of PbClg in boiling water, in which 
AgCl and Hg'gCl^ are insoluble. 

2nd. The solubility of AgCl in AmHO, in which. Hg'gClg 
is insoluble. 
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.^^ .^^^ I 1 - ^ I 

The presence of each memher, when thus separated is then 
confirmed by one of its special tests. 

222. (s) A solution which is to be examined for Pb, Ag, 
Hg' is precipitated by HCl added in excess, then filtered, 
and the clear filtrate is tested with more HCl to ascertain 
that no further precipitate is produced. The precipitate is 
then examined by Table I. (433.) 



The foregoing reactions only include those for the metals of common 
occurrence. For information concerning the detection and separation 
of the rarer metals, which will only be required by a somewhat 
advanced student, the appendix must be consulted. The metals gold 
and platinum, however, are briefly noticed here on account of their 
frequent employment for chemical and other purposes. These two 
metals are dissolved only by a mixture of HCl and HNO3: their most 
important reactions are given below. 



Gold (Au). — Use Audj solution. 

Gold solutions are usually bright yellow in colour. 

228. SnCl^ containing a little SnCl4 : purple or dark-brown precipi- 
tate (" Purple of Cassius "), best seen by performing the experiment in 
a white porcelain dish. 

224. FeSO^ produces either at once, or on heating the solation, a 
very finely-divided precipitate of Au: the liquid usually appears bluish 
by transmitted light; always copper-red by reflected light : — 

2AuCl8 + 6FeS04 = 2 Au + 2163(804)3 + FegClg . 

224 a. H^SO^ produces on boiling a similar precipitate of Au: by 
boiling the liquid for some time in a porcelain dish, the Au settles in 
small black masses and the solution loses its colour. 



I 



Platinum (Pt).— Use PtCl4 solution. 

225. AmCl added to a strong solution produces on standing for some 
time, or more quickly on being stirred, a yellow precipitate (Am^PtClg) : 
rather soluble in hot water. 

226. SnCl^ gives a reddish-brown colour in the solution acidified 
with HCl, owing to the formation of PtCl, : — 

PtCl4 + SnClj - PtCla + SnCl4 . 

The method of separating and detecting Au and Pt is fully stated in 
paragraphs 472-474. 
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*^* Note. — Before commencing the reactions for acid-radicles the 
stndent may with advantage analyse several substances which are liable 
to contain any one or more of the members 6f the metallic groups. If 
only one metal has to be looked for (see column 1, paragraph 539), 
the directions given in paragraphs (330-369) may be followed, omitting 
those portions which relate to the detection of acid-radicles. If two or 
more metals may be present (see columns 2, 3, paragraph 539), full 
directions for ascertaining to which analytical group or groups they 
belong will be found in the General Table (419) ; and the group pre- 
cipitate or precipitates thus obtained may be then examined by the 
Group Tables (433-439), with which the student will probably already 
be familiar. 



REACTIONS FOR AOID-RADIOLBS. 

In the course of analysis acid-radicles are usually detected 
by special tests : they cannot advantageously be precipitated 
in groups and the members of each group then separated and 
identified, as is done in the case of metals. Accordingly the 
arrangement here adopted consists in simply placing together 
in a group such acid-radicles as in some respects resemble 
one another in their reactions, and at the end of each group 
stating upon what differences the detection of its members 
when occurring together depends. 

The reactions for acid-radicles are worked through in a 
manner similar to that employed for the reactions of the 
metals, — a compound (usually a salt) containing the radicle 
being employed. At the end of each group the student may 
with advantage detect one or more of its members, as was 
done with the metals. 



GEOUP I— SULPHATE GEOUP. 

Sulphates are the only commonly occurring salts which 
give with BaClg a precipitate insoluble in boiling HCl. 
riuosilicates resemble sulphates in this respect, but differ 
in so many other reactions that they are considered hereafter 
(299-302) in connection with fluorides and silicates, to which 
they are more closely related. 



k 
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Sulphates ( - ''SO^).— Use NagSO^.lOHgO . 

227. BaCl^ err Ba{NO^\: white precipitate (BaSO^), 
insoluble when boiled with dilute HCl or HNO3 . 

If BaClg or Ba(N03)2 be added to a solution containing much 
strong HCl or HNOg, a white precipitate may be produced consisting 
of BaCl^ or Ba(N03)2, which however is readily distinguished from 
the precipitate of BaS04 by being dissolved when boiled with water. 

8r{N0^)2 ^^^ ^^(-^^3)2 S^^^ ^^^ white precipitates 
(SrSO^ and PbSOJ. 

228. Blowpipe test — Solid JTagSO^-lOHgO or any solid 
sulphate, if mixed with solid NagCOg* and fused on charcoal 
in the inner blowpipe flame produced from a spirit-flame^ 
yields NagS : — 

Na2S04 + 4C = Na2S + 4CO. 

The NagS is readily detected by detaching the solid mass, after 
it has cooled, from the charcoal with the point of a knife ; 
placing a portion of it upon a bright silver coin, then moisten- 
ing it with a drop of water and crushing it by pressure with a 
knife-blade. After the moistened mass has remained upon 
the coin for a short time rinse it off, a black stain will then 
be seen upon the silver where the substance had rested (231). 
Another portion of the cool mass may be moistened with a 
drop of HCl, when the fetid smell of HgS will be observed, 
and a piece of paper moistened with PbAg solution and held 
above it, will be blackened (230). 

This test for a sulphate is reliable only when it is known that 
sulphur in no other form is present in the substance to be tested ; 
it is also necessary that no sulphur should be introduced in the 
NagCOg, or by the flame. Now coal-gas sometimes contains sufficient 
sulphur to give the above reaction with pure NagCOg, hence it is 
always advisable to employ a spirit- rather than a gas- flame. 

Hydrogen sulphate, or sulphuric acid (HgSO^), may be de- 
tected by producing black charred stains on paper which has 
been dipped into it and dried by heat : it also has a strong 
acid reaction to litmus, and evolves hydrogen with Zn, pro- 
perties shown however by some metallic and acid sulphates. 

•Addition of Na2B407 is useful in preventing the fused mixture from 
sinking into the charcoal. 
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GKOUP II.— THE CARBONATE GROUP. 

The five following classes of salts give off characteristic 
gases when acted upon by HCL 

*^* The systematic Tables of Differences, such as are given 
for each group of the metals, are not drawn out for the acid- 
radicle groups ; the student should have no difficulty in con- 
structing such tables for himself, either mentally or on paper, 
by looking through the reactions. 



Carbonatbs (-'^COg). — Use NagCOg, or white marble 
(CaCOg). 

229. HOI or HA or almost any other acid, if poured upon 
some NagCOg in a test-tube, causes carbon-dioxide gas (CO,) 
to come off with effervescence : this gas is recognised by its 
property of turning lime- or baryta- water milky by the pro- 
duction in them of insoluble CaCOg or BaCOg . 

The test may be tried in several ways : — 

1. The acid is poured upon the carbonate in a test-tube. 
A glass rod which has been dipped into some perfectly clear 
lime-water * and has a small drop adhering to its end is then 
introduced into the test-tube, carefully avoiding touching the 
liquid or the sides of the tube j the drop will quickly become 
milky, 

2. The acid is poured upon the NagCOg in a small beaker, 
and this is immediately covered with a watch glass placed 
with its convex face downwards, having a drop of clear lime- 
water * adhering to the middle of the face : the drop becomes 
milky. 

3. Since COg gas is much heavier than air, on adding acid 
the gas evolved from the carbonate will remain in the test- 
tube if the tube is held erect and its mouth loosely closed 
with the thumb : by gradually sloping the tube the heavy 
gas is poured into another test-tube containing lime-water * 
without allowing any liquid to flow out, on closing this 
tube with the thumb and well shaking it the lime-water will 

* Baryta-water gives a much more decided result than lime-water. 
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become milky : or if the inside of the tube has been rinsed 
with lime-water the sides become white. 

4. The COg, if it is given off in con- 
Fio. 37. Fig. 88. siderable quantity, may also be made to 
jr~1j pass into some lime-water through a 

B I doubly bent tube fitted air-tight by a 

r 1 1 \% perforated cork or india-rubber stopper 
I I /^-JL [y ^^^^ ^^® ^^^® ^^ which the COg is gene- 
9 M ^mJ Ij ^^^ ^ shown in the fig. 37 ; or the ap- 
paratus shown in fig. 38 may be employed. 
Of the above methods 1 and 3 are the most simple ; by 
method 4 the COg is nob found unless given off in some- 
what large quantity. 

The following precautions must be attended to. Since the milki- 
ness at first caused by COj disappears gradually when more OOg is 
absorbed, if the lime-water does not at once become milky, it must be 
constantly watched to avoid the risk of its becoming milky and again 
clear before being seen. 

Also if the addition of the first few drops of acid does not cause an 
effervescence of CO2 more acid should be added, as many carbonates 
retain the first portions of CO2 by forming acid carbonates :— 

NaaCOg + COj + H2O = 2NaHC03 . 

A solid substance which is being tested by HCl for COg should be 
first moistened so as to drive out the air-bubbles entangled in it, which, 
in coming off, might make one suspect effervescence of COg . 

Hydrogen carbonate, or carbonic add (H2CO3), can only 
exist in dilute aqueous solution; addition of lime-water to 
its solution causes milkiness ; but, since other substances iu 
solution behave in a similar way, it is best found by boiling 
the liquid and passing the steam with the COg which accom- 
panies it into lime-water ; the lime-water becomes milky. 



Sulphides ( - '-'S). — Use FeS for solid, and AmaS for liquid. 

280. HCfl or H^SO^ poured upon a small fragment of 
FeS causes HjS gas to come off with effervescence : this gas 
is detected by its fetid smell, resembling that of rotten eggs, 
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and by its property of blackening PbA^-solution by the for- 
mation of PbS. The gas may be made to act upon the PbAg 
solution by the methods given for COg (229), or better by 
placing a piece of filter-paper moistened with FbAg-solution 
on the end of a glass rod so that one-half of the slip adheres 
to the glass rod and the other hangs free, and holding the 
rod in the gas as in the test for COj (229, 1). 

This test is made much more delicate if the paper isjnoistened 
with a solution prepared by adding KHO to boiling PbA^-solution 
until the precipitate lirst formed dissolves : a test-paper thus prepared 
becomes intensely blackened by HjS . 

231. Solutions of soluble sulphides if dropped upon a 
bright silver coin produce a black stain (AggS) ; this may be 
removed by rubbing the coin with moist lime. 

282. Insoluble sulphides which give o£f HgS with HCl 
{e.g. FeS) produce a black stain when placed on a silver coin 
and moistened with a drop of HCl . 

233, Pb A 2'8olxLtion gives with soluble sulphides a black 
precipitate (PbS). The solution produced by adding KHO 
in excess to PbAg-solution is more delicate than PbAg alone. 

234, Many sulphides {e.g. FeSg, "Iron Pyrites") and 
also free S, if strongly heated in a tube open at both ends 
and held obliquely in the flame, or in the tube shown in fig. 
35 (p. 114), give o£f SOg gas, recognised by its pungent smell 
and by turning paper moistened with KgCrgOy green. 

235, Eeaction (306) given under HCy may be employed 
also as a very delicate test for soluble sulphides. Test (228) 
for a sulphate, also answers for a sulphide. 

Hydrogen sulphide, or hydrosulphuric acid (HgS), in 
aqueous solution is easily recognised by (231) or (233), and 
unless the solution is very dilute, also by its smell, and by 
suspending lead-paper over the liquid : HgS gas is detected 
by (230). 



Sulphites ( -''SO3).— Use NagSOg . 

236. HCl or H^O^ poured upon NagSOg and warmed 
gives off SO2 gas, known by its pungent smell and by turn- 
ing KgCrgOy solution green : the K2Cr^0^ solutioTL xaa*^ \» 
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exposed to the gas by the methods described under (229), 
preferably by introducing a glass rod with a drop hanging 
upon its end into the gas ; or by moistening a small strip of 
filter-paper with the KgCrgOy solution and making it adhere 
by one-half of its length to the rod (230), the other half 
hanging freely, and introducing it into the gas as in 
(229, 1). 

287. BaCl^ : white precipitate (BaS03) : entirely soluble 
in HCl, unless some NagSO^ is present, when BaSO^ remains 
undissolved : on adding CI- or Br-water to the HCl solution, 
BaS04 ^ formed and precipitated: — 

BaSOg ^ 2HG1 = BaCL^ + HgSOg . 

BaClg + H2SO3 ^ HgO ^ 2C1 = BaSO^ + 4HC1 . 

238, Na^SO^ added to a mixture of HCl and Zn which is 
giving o£f pure H, immediately causes an evolution of HgS 
with the H : the HgS is detected by its smell, or by blacken- 
ing a piece of filter-paper moistened with solution of PbO 
in excess of KHO (230). 

Hydrogen sulphite or suljjhurous addl^^O^^ can be found 
in aqueous solution by adding a drop of KgCrgOy solution, 
which will at once become green : SOg gas is found as di- 
rected under (236). 



Thbiosulphates* ( - ''S2O3).-— Use NagSaOg-SHgO . 

239. HCl or H^SO^ causes no immediate change in the 
cold, but the liquid on standing or on being warmed deposits 
a precipitate of yellow S, and SOg is given off; the SOg is 
recognised by its pungent smell and by changing the colour 
of KgCrgO^ solution (236). 

240. Fe20l^ : gives a reddish- violet colour which vanishes after a 
short time or immediately when heated, the FojClg solution at the 
same time loses its yellow colour owing to the change of FCjClg into 
FeClj,. 

240 a. AgNO^ ; a white precipitate (AggSgOg), becoming 
* Formerly known as hyposulphites. 
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black after standing for a short time, or immediately upon 
being heated, owing to the formation of AggS : — 

AggSgOg + H2O = Ag^S + H2SO4 . 

The above precipitate (Ag2S203) dissolves very readily in 
excess of the NagSgOg solution, hence it is most easily ob- 
tained by dropping the latter into some AgNOg solution. 

Hydrogen theiosulphate, or theiosulphuric add (H2S2O3), is 
extremely unstable, rapidly separating into S + HgSOg . 



Hypoohloritbs ( - 'CIO).— Use NaClO.NaCl or Na2Cl20 
solution. 

Hypochlorites give off a faint smell of 01 in the air if solid or in 
strong solution. 

241. HCl or H^SO/^ or even H^O in the cold, or when 
gently warmed if much water is present, sets free Cl-gas, 
which may be recognised by its smell, its yellowish colour, 
and by bleaching a piece of moistened litmus-paper, which is 
held for a short time in the tube without touching the liquid 
or the sides of the tube. 

A piece of litmus-paper shaken up with the solution, 
without addition of acid, is also bleached, the CO2 in the air 
probably liberating the CI: on addition of a drop of any 
acid the bleaching is very rapid : — 

Na2Cl20 -»- 2HC1 = 2a -»- 2NaCl + HgO . 

242. Ph{N0^2 ^ ^^-^2 solution added in large quantity 
gives a white precipitate, becoming reddish, and then dark 
brown (Pb02) when boiled for a short time. 

MnCl2 likewise gives a dark hrown precipitate on heating. 

Hydrogen hypochlorite^ or hypochlorous acid (HCIO), is 
a yellow liquid with sweetish smell, which if strong is very 
unstable : it bleaches litmus, and evolves CI when warmed 
with HCl. CI2O gas is of a deep yellowish-green colour, 
and has an irritating smell, it dissolves easily in water to 
form the above acid. 
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Nitrites ( - 'NOg).— Use KNOg . 

248. Wanned with dilute HgSO^, reddish-brown "nitrous 
fumes," with a characteristic smell, are given off; they are 
best seen by looking down the tube at some white object 

244. If cold !FeS04 solution is added to ELNOg solution, 
it becomes brown ; on adding cold dilute HgSO^ the colour 
becomes much more intense : it is produced by the combina- 
tion of NO with FeSO^: this colour is destroyed by boiling, 
red fumes being given off (243). 

245. If solution of KI and several drops of starch solution 
(par. 526, remark 35) are added to KNOg solution, and the liquid 
is then made acid with HA, an intense blue colour will be pro- 
duced, owing to the combination of iodine, set free by the 
HNOg, with the starch ; the experiment is best done in a white 
procelain dish, the liquid, which often appears black at first, 
being diluted, if necessary, till its blue colour becomes visibla 
This is a most delicate test, and is rather characteristic if the 
colour is not produced till the HA is added. 

Hydrogen nitrite^ or nitrous acid (HNOg) is extremely 
unstable, decomposing into HNOg, NO, and HgO. 

*^* The student will have no difficulty in detecting any one 
of the above acid-radicles occurring singly in a liquid or 
solid: warming with HCl will usually indicate which of 
them is present, and its presence may then be confirmed by a 
second test. 

246. (s) Most of the acids formed by the salts of Group XL 
on addition of HCl, react upon one another ; e,g, HCIO de- 
stroys HNOg, HgS, and HgSOg ; and HgS destroys HgSOg. 
The analyst may often by skilful use of the above reactions 
detect these acids when mixed, but their detection in certain 
mixtures is a problem only soluble by careful consideration, 
and not unfrequently insoluble. 

SOg, if evolved, may be detected by K2Cr207 paper : H2S by 
Pb A2 paper : CI by bleaching moist litmus-paper : N2O3 by its 
brown colour. But COg can only bedetectedin presence of much 
SO2 by passing the gases through hot K2Cr207 solution which 
absorbs SO2, COg passing on and being detected by lime-water. 
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GROUP III.— NITRATE GROUP. 

The two classes of salts which follow resemble one another 
in many respects, more particularly in the fact that no mem- 
ber of them is insoluble in water; hence no method of 
precipitating them is known. 



Nitrates (-'NO3).— Use KNO3 . 

247. Add to some KNO3 solution contained in a rather 
broad test-tube about an equal bulk of strong HgSO^; cool 
the liquid by letting a stream of cold water run upon the 
tube from the tap ; then hold the tube in a slanting position, 
and pour some strong cold FeSO^ solution in a gentle stream 
down the inside of the tuba If this solution is poured in with 
proper care it will form a distinct layer resting on the sur- 
face of the acid liquid, and at the surface of contact of the 
two layers a dark hrovm film or ring will appear, sometimes 
extending upwards towards the surface of the liquid. The 
colour is most easily seen by holding a piece of filter-paper 
between the tube and a bright flame or window, and 
looking through the tube at the light. A mere ydlow colour 
is often produced in the absence of a nitrate and may be 
disregarded. 

The test is made more delicate by letting the tube stand 
in a small beaker of cold water for a few minutes, since 
heat prevents or destroys the brown colour. If much nitric 
acid is present, on mixing the acid and FeSO^ solution by 
shaking, the brown colour extends upwards, until by the 
heat evolved by dilution of the acid the NO is expelled 
forming brown fumes in the test-tube, and the liquid loses 
its dark brown colour (244). 

248. Place some small scraps of Cu in some KN'Og solu- 
tion, and add strong HgSO^; brown nitrous fumes appear 
at once or on warming the tube : they are best seen, if small 
in quantity, by looking down the tube at a white surface. 
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The liquid at the same time becomes blue from the presence 

in it of Cu(N08)2 :— 

8HNO3 + 3Cu = 2N0 + SCuNgOe + ^HgO . 
NO is itself a colourless gas, but yields on mixture with 
air NgOg and NgO^ which are reddish-brown. 

249. K some cold dilute indigonsolution be poured into 
cold KNOg-solution until it is decidedly blue, and then 
HgSOg be added, the blue colour remains unchanged (Dif- 
ference from chlorates). 

250. If any solid nitrate be fused for some time at a red 
heat with fusion mixture on platinum foil, oxygen gas is 
given off slowly with effervescence* and KNOg is formed ; if 
the foil, after cooling, be boiled in water, a portion of the 
solution may be proved to contain KNOg by the test in 
paragraph (245) ; another portion, if acidified with HNO3, 
will be found to give no precipitate with AgNOg (Difference 
from chlorates). 

A solution of a nitrate may also be reduced to nitrite by 
nascent H. Add to a little KNOg-solution some dilute 
H2SO4 and starch paste with KI, no colour wiU be produced, 
but on dropping in a fragment of Zn a deep blue colour is 
seen (245). 

251. Solid KNO3 fused on charcoal in the blowpipe 
flame " deflagrates," that is to say, the surface of the charcoal 
bums rapidly like gunpowder. 

261 a. Many metallic nitrates [e.gf.Pb (^08)2] when heated in a glass 
tube closed at one end, evolve reddish-bcown fumes with a character- 
istic smell (NJO4) and oxygen— PhNjOg - N3JO4 + + PbO. The fumes 
are recognised by their colour and smell, the by its inilaming a 
glowing splinter of wood. 

Hydrogen nitrate^ or nitric acid (HNO3), has a strong 
acid reaction, it gives with FeS04 solution a brown ring 
(247), and with Cu brown fumes (248) without addition of 
H2SO4. Evaporated with quill-clippings, it stains them 
bright yellow. 

* If this experiment is performed in a small hard glass tube as de- 
scribed in (254), the oxygen can rarely be detected, since it is evolved very 
slowly : hence the student may perform the ignition on platinum foil and 
neglect the test for oxygen. 
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Chlorates ( - 'ClOg).— Use KCIO3 . 

252. K to'a coZc^solution of 'KClOj some cold dilute indigo 
solution be added drop by drop till the liquid is coloured 
feintly but distinctly blue, then some HgSOg or NaHSOg be 
poured in and the mixture shaken, the blue colour of the 
indigo is at once destroyed (Difference from nitrates). 

268. Strong H^SO^ poured upon a little solid KCIO3 be- 
comes orange-red in colour, and evolves when shaken a bright 
yellow gas (ClgOJ :— 



3KCIO3 -t- H2SO4 = CI2O4 -»- KCIO4 + K2SO4 + HgO . 

This gas has a smell somewhat resembling that of chlorine ; 
it explodes readily when gently heated, hence on warming 
the mixture in the tube crackling sounds or small explo- 
sions will be produced. This experiment may be dangerous, 
unless the KCIO3 is used in very small quantity, and heated 
gently with the mouth of the test-tube turned away from the 
operator. 

254. AgNO^ produces no precipitate with KClOj-solution 
if it is free from KCl. But if some solid KCIO3* be heated 
in a test-tube, or better in a small ignition-tube (10), after 
melting it begins to give off oxygen with effervescence ; this 
gas may be recognised by placing in the tube a slip of 
wood with a spark at its end, which is easily obtained by 
kindling a match and suddenly blowing out the flame, the 
spark is caused to burst into a flame. If the tube is then 
allowed to cool and the residue dissolved by boiling with 
some water, a portion of the solution wUl be found to give 
no reaction for HNOg (245) ; but another portion will give a 
white precipitate (AgCl) with AgNOg, which does not dis- 
solve in HNO3 ®^^^ ^^ boiling, but is easily soluble in 
AmHO (difference from a nitrate) : this precipitate is caused 
by KCl :— 

KC103 = KCl + 03. 

* If the chlorate used for this test does not yield a solttble chloride, 
fusion mixture must be mixed with it before heating, in order to obtain a 
soluble chloride in the residue. 
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255. Blowpipe test, — KCIO3 if heated on charcoal in the 
blowpipe flame, causes the charcoal to " deflagrate." 

Hydrogen chlorate, or chloric acid (HCIO3), is a colour- 
less, odourless liquid, which first reddens and then bleaches 
litmus-paper ; on being kept for some time it changes into 
0, CI, HCIO4 and HgO ; the same change occurs rapidly when 
it is heated. 

266. As will be seen, there is little difficulty in distin- 
guishing a nitrate from a chlorate. When present together 
they more or less interfere with one-another's reactions ; but 
they may be detected, in the absence of chlorides and nitrites, 
by heating strongly for a short time and testing the residue 
for nitrite and chloride (250 and 254). 
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Chlorides, bromides, and iodides closely resemble one 
another ; they are all precipitated by AgNOg from solutions 
to which HNO3 has been added in excess ; in this respect 
they differ from all salts except cyanides, ferrocyanides, and 
ferricyanides, and these are easily distinguished by other 
means. 

Chlorides (-'CI). — Use NaCl. 

257. AgNO^ added to a little NaCl dissolved in water, 
gives a pure white precipitate (AgCl), which collects into 
curdy masses when heated or shaken, and quickly turns 
violet in sunlight or more slowly in daylight Decant the 
water; to one portion of the precipitate add HNO3 and 
warm, it does not dissolve ; to another portion add AmHO, 
it readily dissolves. Decant the liquid from a portion of the 
precipitate after shaking and letting the precipitate settle, 
and warm the precipitate with a little strong HgSO^, the 
acid remains colourless and no coloured vapour is given offl 

258. Solid NaCl warmed with strong HgSO^ gives off" 
colourless HCl-gas, which is recognised by fuming in the 
air, reddening moistened blue litmus-paper, and making a drop 
of AgNOg solution on the end of a glass rod milky. 
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259. K solid l^aCl be powdered and mixed with finely 
powdered MnOg, then strong H2SO4 added and the mixture 
warmed, chlorine gas comes off: — 

2mCl + Mn02 + 3H2SO4 = 201+ MnSO^ + 2NaHS04 + 

2H2O. 

This gas is recognised by its property of bleaching a piece 
of moist blue litmus-paper, introduced into the tube on a 
glass rod. The most delicate way of testing is to warm 
the mixture in a small beaker covered with a watch glass 
which bears on its under surface a piece of moist litmus paper, 
and let the apparatus stand for some time. Moist starch ia 
not coloured when held in the air in the tube. 

Many samples of commercial MnOj evolve CI when heated with 
H2SO4 ; hence the MnOj, unless specially prepared by precipita- 
tion, must be carefully tested before using it for this reaction ; or the 
MnO, and H2SO4 may be first boiled together as long as any bleaching 
action is produced when moist litmus is held in the tube, then the 
substance to be tested is added and CI again tested for whilst heating 
the mixture. 

260. If an intimate mixture of solid NaCl with three or 
four times as much Kl2Cr207 in fine powder be made by 
rubbing the two substances together in a mortar, and this 
mixture be then poured into the tubulated flask shown in 
fig. 38*, page 132, and mixed with strong H2SO4 by pouring 
in the acid and shaking it round in the flask, on warming 
the flask reddish-brown vapour (CrOgClg) will be evplved : — 

4NaCl + K2Cr207 + 6H2SO4 = 2Cr02Cl2 + 4NaHS04 + 

2KHSO4 + 3H2O. 

If the neck of the flask be closed by an india-rubber or 
a glass stopper and the delivery-tube be made to dip into 
water in a test-tube, the vapour on passing into the water 
will impart to it a reddish-yellow colour owing to the forma- 
tion of H2Cr04: — 

Cr02Cl2 + 2H2O = H2Cr04 + 2HC1 . 

* The test-tube fitted as shown in fig. 37 is much less suitable. 
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On adding to this yellow liquid excess of AmHO, the 
colour becomes pale yellow ; on now adding excess of HA, 
the original reddish-yellow colour is reproduced, and in this 
liquid the presence of H2Cr04, and therefore indirectly that 
of HCl, may be shown by the fonnation of a yellow precipi- 
tate on addition of PbAg-solution. 

Since by this method the detection of a chloride depends on 
the formation of H2Cr04 in the liquid in the test-tube from the 
vapour of CrOaClj, great care must be taken that no H5Cr04 is intro- 
duced into that liquid from any other source. Now, since the mixture 
in the flask contains a chromate, the greatest precaution must be 
taken that none of it is allowed to get into the bent deUvery-tube, and 
thence into the test-tube. In transferring the powder to the flask, 
it must be poured down the side of the perfectly dry neck opposite to 
that at which the dehvery-tube enters ; also whilst heating the mix- 
ture it must not be allowed to rise or splash into the neck of the flask. 
If these precautions are not taken, and H2Cr04 as such is introduced 
into the water in the test-tube, the test is worthless as an indication 
of the presence of a chloride. 

Care must also be taken that the liquid is not sucked back from 
the test-tube into the flask : this is prevented by raising the delivery- 
tube out of the water in the test-tube as soon as the heating is 
stopped. 

Hydrogen chloride or hydrochloric acid (HCl) is a colour- 
less gas which fumes in the air, and dissolves very readily in 
water; both the gas and its solution render Ag^Og solution, 
which has been acidified with HNO3, milky. Heated with 
MnOg the liquid acid evolves chlorine gas. 



^ 



Bromides (-Br). — Use KBr. 

261. AgNO^ added to a little KBr solution gives a 
yellowish-white precipitate (AgBr), which is easily coagulated 
by heating or shaking the liquid ; it is insoluble in HNO3, 
but rather soluble in AmHO, thus somewhat resembling the 
AgCl precipitate, from which it is distinguished by its colour. 
By shaking well, allowing to settle, decanting the liquid, and 
heating the precipitate with strong HgSO^, no violet vapour 
is evolved, the precipitate thus di£fering from Agl . 

262. Solid KBr when heated with strong HgSO^ gives 
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off reddish-brown vapour of Br*, which somewhat resembles 
CI in smell, but differs by its colour and by turning moist 
starch orange-red, the colour disappearing by heat. This 
last test is best performed by dipping the wetted end of a 
glass rod into some powdered starch, and then moistening 
the adhering starch by breathing upon it several times. If 
MnOg be mixed with the KBr powder before adding HgSO^, 
the Br is evolved in greater quantity and more readily. 

263. Cfl-watery added carefully drop by drop to a little 
KBr solution whilst shaking it, liberates Br, which gives the 
solution an orange-red colour; excess of Cl-water must be 
carefully avoided, as it destroys the colour : — 

KBr + Cl = Br + Ka. 

On warming a part of this solution in a dish, brown fumes 
are given off which colour orange-red some starch held in the 
vapour as described in the preceding reaction. 

If CSg be added to another portion and the liquids are 
then well shaken together, the Br is dissolved by the CSg, 
and on standing the reddish brown CSg solution sinks to 
the bottom ; on adding a little KHO solution and shaking 
well, the colour of the Br again disappears from the CSg, 
owing to the formation of the colourless salts KBr and 
KBrOg :— 

6Br + 6KH0 = 5KBr + KBrOg + SHgO . 

264. A mixture of solid KBr and KgOgOy heated with 
strong H2SO4 as in (260), gives off reddish-brown vapour of 
Br:— 

6KBr + K2Cr207 -{- 1 IHgSO^ = 3Bx^ + Cr2(S04)3 -t- 8KHSO4 + 

7H,0 . 

This vapour, if received in a little water, imparts its colour 
to the water ; if the liquid is shaken up with CSg however, 
the Br is dissolved away from the water by the CSg, which 
forms a brown layer at the bottom of the water ; by shaking 

* KBr solution does not so easily give off Br vapour, but the liquid 
becomes coloured reddish-brown. 
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well, after addition of AmHO or KHO, the colour of the 
solution is destroyed (Difference from a chloride). 

Hydrogen bromide, or hydrobi'omic acid (HBr), is a gas 
resembling HCl ; its solution differs by evolving Br when 
heated with MnOg . 



Iodides ( - 1). — Use KI . 

265. AgNO^ added to a little KI solution, gives a yellow 
precipitate (Agl), which is easily coagulated by heating or 
shaking the liquid : it is insoluble in HNOg, and very slightly 
soluble in AmHO . 

This precipitate differs from AgCl and AgBr by its colour 
and its slight solubility in AmHO, but more particularly by 
its behaviour when heated with strong HgSO^. If the 
precipitate, coagulated by heating or shaking the liquid, is 
allowed to settle and the liquid decanted, then strong HgSO^ 
poured in and heated with the precipitate, the acid becomes 
coloured red, and violet vapours of iodine are seen especially 
on looking down the tube ; the colour is particularly distinct 
after the tube has been allowed to cool for a short time. 
This vapour of iodine may be detected when almost invisible 
by holding in the air of the tube a glass rod previously 
dipped into freshly-made starch solution, which will become 
coloured blue. 

266. CuSO^ mixed with H2SO3 or FeSO^ solution, which 
reduces it to CugSO^, gives a white precipitate (CU2I2); 
warming, or the addition of a single drop of AmHO, causes 
this precipitate to form more quickly : — 

2CUSO4 + H2SO3 + H2O = CU2SO4 + 2H2SO4 
2KI + CU2SO4 = CU2I2 + K2SO4 . 

If this precipitate is allowed to settle and the water poured 
off, or if it be filtered, and the precipitate is then warmed 
with strong H^SO^, the liquid becomes violet and gives off 
violet fumes of I . 

Solutions of chlorides and bromides are not precipitated 
thus by CU2SO4 . 
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267. Solid KI if warmed with strong H^SO^ gives off 
violet vapour of I*, which, if in large quantity, cools on the 
sides of the tube to black solid I : this vapour colours starch 
solution blue, as may be proved by dipping a rod moistened 
with freshly-made starch solution! into it, or by pouring the 
heavy fumes out into a white porcelain dish whose inside 
has been wetted with starch solution, or by dipping into the 
vapour a slip of filter-paper moistened with starch solution. 
The I is more readily and plentifully evolved if some MnOg 
be mixed with the KI before adding HgSO^ . 

268. Ol-water added drop by drop, carefully avoiding 
excess which would form colourless ICI3, sets free I, which 
dissolves in the water giving a brown liquid; divide this 
into three parts: — 

1. Heat one part; violet vapour of I is given off and is 
best seen by looking down the mouth of the tube at a white 
surface. The colour is most distinctly seen if, before heating, 
some strong HgSO^ is added to the liquid. If a glass rod is 
dipped into starch solution and held in the vapour, the 
staitjh becomes blue. 

2. To another portion starch solution is added, which 
gives an intense blue colour often appearing black unless 
much starch is added and the liquid largely diluted; on 
warming the solution the colour disappears, but often re- 
appears when the liquid is cooled. To insure the disappear- 
ance of the colour on being heated, the solution must be 
diluted and the starch added in excess. 

3. To the third portion add a drop of CSg and shake well ; 
the GS2 dissolves the I, and gradually settles to the bottom 
having a beautiful violet colour. Add a little KHO solution 
and shake well, the violet colour of the CS2 will disappear 
owing to the formation of the colourless salts KI and KlOg . 

The last two methods of testing for the free I are by far the most 
delicate known ; but Cl-water is by no means the best reagent for 



* KI solution does not so easily give off purple vapour, but the liquid 
becomes reddish-brown or red. 

t The starch solution must always be freshly made (par. 526, remark 85), 
as after being kept it loses the property of yielding a blue colour with iodliv^. 

15^ 
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setting I free from its compounds, because if added in excess it com- 
bines with the I and prevents its detection. The reagents described in 
(269) are much better suited for liberating I from its compounds. 

269. If a little KNOg is added to the KI solution, and 
then any dilute acid (HA, HCl or HgSO^) poured in, HNOgv 
is produced and liberates L A solution of N2O4 in dilute 
H2SO4, made by heating Pb(N03)2 strongly and passing the 
red fumes into dilute HgSO^ (528. 5), also sets free I from KI. 
The I thus liberated in solution may be identified by the 
throe methods described in (268), of which the third is the 
most delicate. 

These two reagents for liberating I do not hinder its 
detection if they are added in excess, and they are also 
useful because they do not liberate Br firom its com- 
pounds. 

270. HgOl^ gives with a solution of iodide a scarlet pre- 
cipitate, with a_solution of bromide or chloride it gives no 
precipitate ; PbAg gives with iodide solution a hright yellow 
precipitate, with bromide or chloride a white precipitate. 

Hydrogen iodide or hydriodic acid (HI) is a gas resembling 
HCl and HBr; its solution differs by evolving I when 
heated with MnOg . 

271. A chloride, hromide, or iodide^ is easily detected by 
the foregoing tests. The reactions given in paragraphs (259) 
and (260) are perhaps the most characteristic tests for a 
chloride, those described in (262), (263) and (264) for a 
bromide, whilst an iodide is detected with the greatest ease 
and certainty by reaction (269). 

The colour of the precipitate produced by AgNOg in the 
solution made acid with HNO3, and its behaviour with 
AmHO, though less reliable than the above tests, serve to 
indicate which of these acid-radicles is present, AgCl being 
pure white and very easily soluble in AmHO, AgBr being pale 
yellow and not readily soluble in AmHO, whilst Agl is 
primrose-yellow and almost insoluble in AmHO. See also 
the distinctive action of hot strong HgSO^ on Agl, described 
in paragraph (265). 
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272. (s) TJis ^detection of a chloride, bromide, and iodide 
when occurring together. 

The method of examination varies according to whether an 
iodide is present or absent; since a chloride cannot be 
detected in the presence of an iodide, the latter, if present, 
must be separated before proceeding to examine for the 
chloride (273). In paragraph (274) is given a process for 
detecting an iodide and bromide ; it is of value only when a 
chloride has not to be tested for. 

273. (s) To a small portion of the solution, made just acid 
if necessary by addition of dilute HgSO^, add a little cold 
freshly prepared starch solution and then strong HNO3, ^^ 
either of the reagents mentioned in (269), drop by drop ; a 
dark blue coloration* shows the presence of an iodide. The 
remainder of the solution is examined for a chloride and 
bromide by the directions given below under A oi B 
according as an iodide is present or absent : — 

A, An iodide is present, — Add to the solution a reagent 
consisting of a mixture of CuSO^ solution with half its 
measure of strong HgSOg solution, and warm gently for a 
short time ; Cugig will be precipitated (266). In order to be 
sure that the iodide is entirely precipitated, a small quantity 
of the liquid must be filtered and warmed with a little more 
of the above reagent : if any further precipitate is caused, the 
filtered portion is returned to the unfiltered liquid, more of 
the reagent is added to the whole, which is then warmed for 
a time and again tested as above, to see if the precipitation is 
complete ; these trials are repeated until a small portion, on 
filtration, gives no further precipitate when warmed with 
more of the reagent. The whole is then filtered till clear, 
pure NaHO is added in excess to the filtrate and the liquid 
boiled. The precipitate thus produced is filtered off, and the 
filtrate, now free from iodide, is tested for bromide and 
chloride by the directions given under B, 

B, No iodide is present, — ^Make the solution alkaline, if 



* Black, unless the starch solution has been added in sufficient quantity 
to the dilute solution. 
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not already so, by addition of pure NaHO, then evaporate it 
to dryness in a porcelain dish, scrape the residue off the sides 
of Z^dish and mix it wiS thr^ or four times as much 
powdered K2Cr2^7 ^7 rubbing the two substances together 
in the dish with a pestle (260). Transfer this mixture into 
the small tubulated flask (flg. 38, p. 132) by pouring it 
down the perfectly dry neck on the side opposite to that at 
which the tube enters, and taking the greatest care to let 
none of the powder enter the delivery-tube. Then pour 
into the flask strong HgSO^ sufficient to cover the powder 
to the depth of about a quarter of an inch, at once close 
the neck with an india-rubber or glass stopper, and dip the 
end of the delivery-tube into water contained in a test- 
tube. Mix the contents of the flask by cautious shaking, 
and warm the mixture gently, carefully guarding against 
allowing any of the mixture to get into the delivery-tube 
and thence into the water in the test-tube*. As soon as 
no more reddish-brown vapour is visible in the flask or its 
delivery-tube, discontinue the heating, and immediately 
withdraw the test-tube. If no coloured vapour has been 
evolved and the water in the test-tube is colourless, chloride 
and bromide are absent. If the water is coloured, pour into 
it CSg sufficient to form a layer at the bottom of the tube 
about as large as a small nut ; close the mouth of the tube 
with the thumb, and shake vigorously : if the CSg on settling 
shows a brown colour, the presence of Br from a bromide is 
shown. 

Separate the water from the CSg by pouring it through a 
wetted filter, addjbo the filtrate AmHO in excess, then HA 
in excess, and PbAg solution. A yellow precipitate indicates 
the presence of a chromate, which proves indirectly that a 
chloride teas present 

278 a, (s) The above method will also serve for the examina- 
tion for chloride, bromide, and iodide in the AgNOg precipitate. 
The precipitate is dried, and fused for about ten minutes in 
a porcelain crucible with three or four times as much fusion 



* See the precautions in the note at the end of par. 260. 
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mixture ; the cool mass is boiled with HgO for some time and 
filtered, the filtrate being examined as directed above (273). 

274. (s) If only an iodide and a bromide have to be 
tested for, the following method may be employed. Pour 
into the solution CSj sufficient to form a large drop at the 
bottom; add CI- water drop by drop, shaking thoroughly 
after each addition : an iodide, if present, shows first by its 
liberated iodine colouring the CSg purple, but on con- 
tinuing the addition of Cl-water this colour is destroyed ; a 
bromide is then detected by a brown coloration of the CSg, 
which however is also destroyed if too much Cl-water is 
added. 



GROUP v.— PHOSPHATE GROUP. 

Phosphates and arsenates resemble one another closely in 
many reactions ; the points of difference they present from 
one another and from other salts will, however, if carefully 
attended to, render their detection a simple matter. 



Phosphatbs (-"TO4).— Use Na2HP04.12H20 solution. 

276. MgSO^ solution to which some AmCl has been 
added and then a little AmHO, gives with !N'a2HP04 a white 
crystalline precipitate (MgAmP04) : this precipitate is almost 
insoluble in AmHO, iDut easily soluble in acids. If very 
little NagHPO^ is present, the precipitate appears only on 
warming, stirring, or shaking well, and letting stand. __ 

276. Fe^Gl^ dropped in after a little HA and some NaA 
solution gives, especially when weurmed, a yellowish-white 
precipitate of Fe^'PO^ . 

277. AmHMoO^ dissolved in HNOj gives a yellow precipi- 
tate if a drop of NagHPO^ solution is added to it ; the forma- 
tion of the precipitate is hastened by gentle warming, stirring, 
or shaking, but it often appears only after a time. Pour off 
a part of the liquid and show that the precipitate is soluble 
in KHO, NaHO, and AmHO ; and insoluble in acids, espe- 
cially in HNO3 . 
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This reaction (277), if properly performed, is the most delicate test 
known for a phosphate, but careful attention must be paid to the follow- 
ing precautions: — The AmHMo04 solution must be prepared according 
to the directions given in (526, remark 40). The solution to be tested 
must not be alksdine to test-paper, it is best made distinctly acid with 
HNO3 ; it is then to be added in small quantity only to some of the 
AmHMo04 solution in a test-tube, more of the liquid being added 
if after gently warming and stirring or shaking well no yellow precipi- 
tate forms after a few minutes. This last precaution must be particu- 
larly observed, as an excess of phosphate altogether prevents the for- 
mation of the precipitate : show that this is the case by pouring into 
some N"aaHP04 solution, contained in a test-tube and made acid with 
HNO3, * f®w drops of AmHMo04 solution ; it will be found that no 
precipitate will form even on heating and shaking the liquid, since the 
phosphate is present in large quantity compared with the AmHMo04 ; 
but on adding a few drops of this liquid to some fresh AmHMo04 solu- 
tion the precipitate appears. It must also be remembered that HCl 
retards or prevents the formation of this precipitate, and therefore 
an HNOg solution should always be used when possible. 

278. AgNO^ : yellow precipitate (Ag3P04) ; pour off a 
portion and show that the precipitate is soluble in AmHO 
and in HNO3 • 

278 a, A very delicate test for the presence of P in the form of 
a phosphate or otherwise, consists in strongly heating the dry solid sub- 
stance with a small piece of Na in a little tube of hard glass closed at 
one end : on breaking the tube and breathing upon the powdered 
substance a smell of onions, due to H3P, is perceived. 

A phosphate made into a paste with strong H2SO4 and heated 
strongly at the tip of the inner blowpipe flame, gives a bluish green 
colour to the flame. 

Hydrogen phosphate^ or phosphoric acid (H3PO4), is a 
colourless crystalline substance ; its solution is strongly acid, 
but does not char paper and organic substances (Difference 
from H2SO4). It yields reactions (275 and 277.) 



^ 



Absbnatbs (-"AsOJ. — Use !N^a2HAs04.12H20 solution. 

279. The precipitates formed in reactions (276; 276, 277) for phos- 
phates are precisely similar in appearance and general properties to 
those ^formed with the same reagents by arsenates. The precipitate, 
however, which is formed by an arsenate with AgNOg diff'ers from that 
given by a phosphate by being hrown in colour ; also AmHMo04 gives 
with an arsenate a precipitate only on boiling. 
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280. The following differences serve to detect and separate 
a phosphate and an arsenate : — 

1. The fact that an arsenate yields a precipitate with 
AniHMo04 only when the liquid is boiled, whereas the 
corresponding precipitate with a phosphate is produced by 
gerdle heat, 

2. An arsenate solution, if boiled with strong HCl, gives 
when HgS is passed into the hot liquid, first a white precipi- 
tate of S, then yellow AsgSg ; a phosphate solution, under the 
same circumstances, gives no precipitate. 

3. In a perfectly neutral solution, AgNOg gives with an 
arsenate solution a broim precipitate, with a phosphate a 
canary-ydlaiJD precipitate. 

Hence, if occurring separately, a phosphate and arsenate 
may be distinguished by one or more of these differences. 

281. The simplest method of ascertaining which of these 
two acid-radicles is present is to throw the precipitate yielded 
by AmCl, AmHO, and MgSO^ upon a filter, wash it with a 
little cold water, and drop AgNOg upon it : if the precipitate 
consisted of MgAmAsO^ it will become hrmm, if of MgAmP04 
canary-yellow (280. 3). Or the precipitate produced by 
AmCl, AmHO, and MgSO^ may be examined for arsenate 
by dissolving a part of it in dilute HNOg, adding AgNOg as 
long as it causes any white precipitate, and then very dilute 
AmHO gradually drop by drop ; if arsenate is present a 
hrown precipitate will form just before the liquid becomes 
alkaline to test-paper : phosphate gives a yellow precipi- 
tate. Instead of mixing the dilute AmHO it may be poured 
upon the top of the acid liquid, when the colour appears at the 
surface of contact. 

282. If hoth arsenate and phosphate have to he tested for, 
AmCl, AmHO, and MgSO^ are added as long as any further 
precipitate is caused : the precipitate is filtered off* and dis- 

* A small portion of the precipitate may be filtered off upon another 
filter and tested at once for arsenate by dropping upon it AgNOg solution. 
If the precipitate turns brown, arsenate is present and must be separated 
in the other part of the Mg precipitate before testing for phosphate : if 
the precipitate turns yellow, phosphate alone is present. 



► 
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solved in a little boiling strong HCl, HgS is passed for 
several minutes into this hot HCl solution, when the pre- 
sence of arsenate is shown as above (280. 2) ; the preci- 
pitate, if any has formed, is filtered off and HgS passed into 
the boiling filtrate ; if any. further precipitate is produced, 
the gas must be passed again until it no longer causes a pre- 
cipitate ; the clear filtrate from this precipitate is then eva- 
porated just to dryness, dissolved in a little dilute HNO3, 
and tested for phosphate by adding a few drops of it to 
AmHMo04 solution and gently warming. Arsenite, if pre- 
sent, may be detected by HgS in the filtrate from the Mg 
precipitate, acidified with HCl : yellow AsgSg is precipitated 
at once. 



UNGEOUPED ACED-RADICLES. 

The salts of the following acid-radicles present in their 
reactions no marked resemblances to one another or to other 
salts, and are usually detected by special tests. 



Borates ( - 'BOg, or - '"BO3).— Use Nsl^^O^MK^O . 

288. If some powdered iCTagB^O^ be stirred with a little 
dilute HCl on a watch glass and a strip of turmeric paper be 
half immersed in the liquid, then dried on a watch glass in 
the steam-oven or on a water-bath*, the part which was 
moistened appears reddtsh-hrovm, and becomes bluish-black 
when moistened with AmHO. This is a most useful test 
for a borate. 

284. If some methylated spirit be poured upon a little 
solid NagB^Oy in a test-tube or porcelain dish, some strong 
H2SO4 added, and the mixture be heated and set fire to, the 
spirit bums with a green-edged flame, seen best by blowing 
the flame out after it has burnt for a time and then relighting 
it This testis not quite characteristic, since some chlorides 
yield a somewhat similar greeli flame. 

* The paper may also be dried over a small flame, if it is not heated 
above steam-heat (100° C.) 
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286. A mixture of CaFg, NagB^O^*, and KHSO4, if finely 
powdered, moistened, and heated on a loop of platinum wire 
in the inner blowpipe flame, colours the outer flame momen- 
tarily green after being heated for a short time. 

This test is not always decisive, since many phosphates 
and Cu-salts give the same coloration, and it is besides liable 
to be masked by the flame colorations of other substances. 

Hydrogen borate, or boric add (HBOg), is a white porous 
mass, when combined with 2H2O it forms a crystalline scaly 
hydrate; when strongly heated these yield a fusible glass 
consisting of BgOg . The solution of the aci4 reddens litmus- 
paper and colours turmeric reddisJirbroum, especially on drying 
tJie paper. The acid is soluble both in HgO and in alcohol ; 
on evaporating these solutions, the acid passes off with the 
vapour of the liquid. Reactions (283, 284, 285), will serve 
to detect boric acid. 



Chromatbs ( - "CrOJ.— Use K2Cr207 (or KgCrO^.CrOg) 
solution. 

All chromates are more or less yellow or red in colour. The yellow 
solution of an alkaline chromate becomes orange-red on addition of an 
acid, owing to formation of a dichromate. 

286. Various substances, which readily combine with 
oxygen, deoxidise acid KgCrgO^ solution to a solution of a 
chromic-salt, the colour of the solution at the same time 
changing from orange-red to a bright green. To show this, 
add HCl or HgSO^ to some KgCrgO^ solution, divide the 
orange-red solution into five parts and deoxidise each of 
these portions by one of the following methods : — 

a. Pass HgS into the hot solution ; white S separates. 

b. Add some NaHSOg or HgSOg and warm. 

c. Add alcohol and boiL 

d. Boil for some time, after adding much strong HCl . 

e. Add some Zn to the acidified liquid and warm: the 
change of colour is in this case slow. 

* Boric acid is better, since the Na flame coloration tends to conceal 
the green coloration caused by BF3 . 
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In each case the change in composition is shown by the 
liquid becoming green : the following equations show the 
decomposition occurring with HgS and with HCl, the others 
may be drawn out by the student : — 

K2Cr207 + 3H2S + 8HC1 = CrgCle + 2KC1 + THgO + S3 . 
KgCrgOy + UHCl = CraClfi + 2KC1 + THgO + SClg . 

This green solution gives all the reactions for Cr 
(102-104). 

Note, — Since chromic acid is thus reduced by boiling with HCl and 
by HgS to a chromic salt, a chromate leads to precipitation of Cr^Hog 
in Group III. in the ordinary course of analysis. 

Hydrogen peroxide (HgOg), if added after some ether to an 
acid solution of a chromate, on well shaking the liquids 
causes the ether to assume a blue colour ; addition of a few 
drops of strong HNO3 is useful The HgOg may be pro- 
duced by adding BaOg to the cold acid liquid. This reaction 
is extremely delicate and characteristic. 

287. AgNO^: purple-red precipitate (AggCrO^) : soluble in 
AmHO andjn HNO3 . 

288. PhA^ : yelloio precipitate (PbCrO^) : soluble in 
KHO, insoluble in HA. 

289. BaCl^ : yellowish-white precipitate (BaCrO^) : in- 
soluble in HA, soluble in HCl . 

Hydrogen chromate or chromic acid (HgCrO^ ?). CrOg dis- 
solves in water to a reddish-yellow liquid, with a strongly 
acid reaction. The liquid evolves CI and becomes green if 
it is boiled with HCl; when neutralised by an alkali it 
becomes yellow, the solution yielding the reactions in pars. 
287, 288, 289. 



q ( Use NagSiOg solution for liquid ; for solid, 

( finely-ground sand or solid NagSiOg . 

290. HCl added slowly drop by drop to a solution of 
I^a^SiOg whilst stirring or shaking it, will usually, unless the 
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solution is very dilute [see note 2 below], give a gelatinous 
precipitate of H^SiO^ ; but this precipitate is very apt to re- 
main dissolved, hence its non-appearance is no proof of the 
absence of H^SiO^ . 

290 a. Small quantities of H^SiO^, or H4Si04 in dilute 
solution, may be detected by evaporating the solution, made 
acid with HCl, to dryness in a porcelain dish, and heating 
the residue to 100° as long as acid fumes come off: on stirring 
and warming the dry residue with strong HCl, SiOg remains 
undissolved as a white powder. 

Note 1. — During the last part of the evaporation the silica often sepa- 
rates as a gelatinous mass, and unless the heat is lessened and the 
residue stirred with a glass rod it will spirt : spirting is best avoided by 
finishing the evaporation, as soon as the liquid becomes thick, upon a 
water-bath. The undissolved SiOj, left on treating with HCl, is best 
seen by pouring out the liquid into a test-tube : it is soluble in hot 
KHO solution. 

Note 2. — The solution of Na^SiOg used for these reactions is made 
of such a strength that acids do not precipitate H4Si04 from it, but by 
boiling some of it down to a quarter its volume before adding the acid 
the precipitate is usually obtained. 

291. AmCl 01 AnicfiO^ causes* a gelatinous precipitate of 
H4Si04, which usually forms only after a time. 

Blowpipe testa, 

292. A little solid SiOg or a silicate, if fused into a 
bead of NagCOg, causes frothing from COg escaping : — 

NagCOg + SiOa = CO2 + NagSiOg . 

293. Fused in a bead of NaAmHPO^ the SiOg is not 
dissolved, but floats about in transparent particles and on 
cooling remains as little opaque masses in the bead. The 
particles of SiOg are usually best seen in the bead whilst 
fused. 

Hydrogen silicate, or silicic acid (H^SiO^), is a white gela- 
tinous substance with no reaction to litmus : it is insoluble 
in water, and but very slightly soluble in acids, but dissolves 
as an alkaline silicate in solutions of the alkalis or alkaline 
carbonates. On ignition it forms a white insoluble powder 
(SiOg) which yields reactions (292), and (293V 
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Fluorides ( -'F). — Use finely powdered CaFg . 

The most nsefol tests for a fluoride depend upon setting free hydro- 
fluoric acid and allowing this to act upon a glass surface, which it 
" etches " or corrodes, causing it to appear dim when perfectly dry. 

294. strong H^O^^ if warmed with a little CaFg in a 
test-tube, liberates HF, which causes the glass to behave 
towards the liquid as if it were greasy. The HF etches the 
glass, and on washing away the cooled mixture and perfectly 
drying the inside of the tube, it will be found to be dimmed 
and roughened. 

This test is often performed by gently warming the 
substance, upon which several drops of strong HgSO^ have 
been poured, upon a watch glass for some time ; on washing 
off the substance and drying the glass thoroughly, it will be 
found to be dimmed and roughened where the substance and 
acid rested ; this is best seen, if only very slight, by holding 
the glass so as to see the reflection from its surface. 

296. A less simple, but more delicate, plan consists in 
placing the CaFg in a platinum crucible, or in a small leaden 
cup made by bending a piece of sheet-lead, and pouring upon 
it some strong HgSO^ . The crucible is then covered with a 
watch glass with its hollow upwards and filled with cold 
water to keep the glass cool; the crucible is placed in a 
porcelain dish containing suflBcient hot water to reach half 
way up the sides of the crucible, the water being occasionally 
heated if necessary by a small flame*; on removing the 
watch glass after ten minutes or more, washing and then 
thoroughly drying it, the part of the surface covering the 
crucible will be found to be dimmed by the action of the 
HF vapours. The delicacy of this method is much increased 
by the modification described in (296). 

296. The convex surface of a watch glass is covered with 
a thin film of beeswax or solid paraffin by carefully heating 
the glass held by crucible tongs at some distance above a 
flame, then rubbing its convex side with a piece of wax or 



* Or the crucible may be heated gently over a very small flame or on a 
tumd'hath. 
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paraffin ; it is thus covered with a melted layer, which may be 
made uniform by once more heating the glass, allowing any 
excess of wax to drop ofif, and keeping the glass moving 
whilst it cools ; the coating is finally hardened by immersion 
for a short time in cold water. Lines or characters are then 
traced on the glass towards its centre by gentle pressure with 
the point of a penknife, the object being simply to remove 
the wax from these parts and not to scratch the glass. The 
glass thus prepared is exposed as in (295) to the HF 
vapour for about twenty minutes or half an hour, the wax 
being prevented from melting by cold water in the hollow 
of the glass. The watch glass is then removed and cleansed 
from wax by holding it with crucible tongs above the flame 
and quickly wiping off the wax when melted: a clean bright 
surface will be thus obtained on which the traced lines will 
usually be visible at once on holding the glass up to the light, 
but if mere traces of a fluoride were present they will be 
made visible by breathing upon the cold surface. 

297. The presence of SiOg or a silicate prevents the libera- 
tion of HF by H2SO4, SiF^ being given off instead : this gas 
possesses no etching power, and therefore if SiOg or a silicate 
is present, the methods given above do not serve for the detec- 
tion of a fluoride. SiF^ however produces white fumes in 
air, and if passed into dilute AmHO yields a colourless floc- 
culent precipitate of H4Si04 and gives AmF in solution: the 
formation of the flocculent precipitate of H^SiO^ is sufficient 
proof of the presence of a fluoride, but the AmF itself may 
be detected in the filtrate from this precipitate by adding 
CaClg, filtering off the precipitate of CaFg, and drying and 
examining it by (296). 

By mixing SiOg with any substance to be tested for a 
fluoride the above method may be employed for its detection; 
use for the reaction a mixture of CaFg and SiOg. A small piece 
of marble may be dropped into the tube in which the SiF^ is 
evolved, to carry that gas over into the AmHO solution. 

The changes which occur are thus expressed: — 
2CaF2 + SiOg + 2H2SO4 = SiF^ + 2H2O + 2CaS04 . 
SiF^ + 4 AmHO - H^SiO^ + 4 AmF . 
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298. QaCl^ added to !N"aF solution* gives a gelatinous 
almost transparent precipitate (CaFg), whicli becomes more 
visible on heating or adding AmHO: slightly soluble in 
HCl, almost insoluble in HA . 

Hydrogen fluoride, or hydrofluoric acid (HF), is a colour- 
less gas which fumes in the air, etches glass and dissolves 
easily in water. The solution of HF is acid in reaction and 
differs from all other acids in dissolving SiOg and attacking 
insoluble silicates. 



Fluosilioatbs (-"SiFg). — ^Use HgSiFg . 

299. BaCl^: white precipitate (BaSiFg), which usually 
appears only on gently warming the solution, and thu& 
differs from BaS04 : it is somewhat soluble in boiling HCl, 
but insoluble in alcohol Put by some of this precipitate 
for reaction (301). 

This precipitate differs from the precipitate of BaS04, which it some- 
what resembles in being rather insoluble in HCl, by being more or less 
transparent and crystalline : but fluosilicates differ from sulphates also 
in giving no precipitates with Sr(N08)2 or Pb(N03)2 and in giving, 
when heated with excess of AmHO, a flocculent precipitate of H4Si04 
and AmF in solution (297) ; fluosiUcates differ also by the following 
very distinctive reactions. 

300. KCl, on warming, gives a very transparent gela- 
tinous precipitate (KgSiFg), which is visible only after being 
allowed to settle for a time ; it is insoluble in alcohol. 

301. By evaporating HgSiFg solution, or hieating a 
fluosilicate, with strong HgSO^, HF is given off and may be 
detected by its etching action on glass (294 et seq.). 

Evaporate a little HgSiFg, or BaSiFg from (299), after add- 
ing strong H2SO4, upon a watch glass to dryness; on washing 
off the residue the glass will be found to be etched. 

301a. A solid substance (e.g. the precipitate of BaSiFg j 
or KgSiFg) may also be examined by any of the methods 
given above for HF, the most delicate being (296). This 

* Prepared by boiling in water the mass obtained by fusing for several 
minutes on platinum-foil some powdered CaF^ and fusion-mixture, 
Altering the solution and acidifying the filtrate v. ith HA . 
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metliod is particularly useful for proving a precipitate pro- 
duced by BaCla to consist of BaSiFg*. 

802. The aboye reactions readily distinguish between sulphates and 
fluosilicates, both of which give precipitates with BaCl,, which are in- 
insoluble in boUing HCl. There is only one other class of salts — ^the 
selenates— which give with BaCl, a white precipitate insoluble in HCl, 
and this precipitate (BaSe04), if boiled with strong HCl for some time, 
evolves CI and gradually dissolves as BaSeOg, thus differing from 
BaS04 and BaSiFg ; further, this HCl solution, if warmed with HsSOg* 
yields a reddish precipitate of Se . 

Hydrogen fluosilicate, or hydrqfluosilicic add (HgSiFg), is 

a strongly acid liquid, volatilising entirely as 2HF + SiF^ 

when heated in platinum: by evaporating it in glass, the 

glass is etched : it is precipitated by KCl and by BaClg . 



REACTIONS OP ORGANIC ACID-RADICLES. 

The following acid-radicles are included here, although the 
first four are frequently, and the other three always, classed 
amongst organic compounds, because they are of such fre- 
quent occurrence, and their detection is usually a matter of 
so little difficulty, that they may reasonably be appended 
even to an elementary treatise on inorganic analysis. 



Cyanides ( - 'Cy). — Use KCy solution. 

HCy smells of bitter almonds, the alkaline cyanides also smell 
faintly of the same. 

303. AgNO^: white precipitate (AgCy), most easily 
obtained by pouring a drop of the KCy solution into the 
AgNOg solution : show with three separate portions that this 
precipitate is soluble in KCy solution added in excess, and 
in AmHO, but insoluble in dilute HNOg. 

* The readiest means of producing an etch with this precipitate is to 
pour it off into a watch glass, decant the water, and warm the precipitate 
for some time with strong H3SO4 ; on washing the glass and drying it, it 
will be found to be corroded. When the more delicate process (296) has to 
be employed, the precipitate should be shaken up with the liquid, poured 
off into a platinum crucible or leaden cup, the liquid decanted, and the 
precipitate warmed with strong H2SO4 as described in (296). 
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If some of the preoipitate be filtered off and well washed with hot 
water until free from AgNOg (shown by HCl causing no milkiness with 
the last few drops of the washing water), then dried, scraped from the 
filter into a porcelain crucible, and heated strongly, Ag is left : if this 
residue on cooling be warmed with a little dilute HNO3, ^^ dissolyes, 
giving off red fumes; and a drop of HCl added to this solution gives a 
curdy precipitate of AgCl. This reaction distinguishes AgCy from 
AgCl, AgBr, and Agl, which like it are precipitated by AgNOg and are 
insoluble in HNOg, but which, when dried and strongly heated, melt 
without decomposing ; hence, after cooling, if HNO3 be warmed with 
them it dissolves out no Ag, and HCl added to the HNOg gives either no 
precipitate or a mere milkinessdue to imperfect washingof the precipitate. 

This method is somewhat tedious and need seldom be used, cyanides 
being readily detected by the following reactions. 

304. If some FeSO^ solution, mixed with several drops 
of FogClg, is added to KCy solution and the liquid is then 
made strongly alkaline with KHO and boiled, then cooled 
and HCl added to acid reaction, "Prussian blue" (Fe'^^Cfyg*) 
remains as a deep blue precipitate ; or, if in small quantity, 
it dissolves giving a bluish-green solution. If no cyanide 
had been present, the addition of HCl would bave given a 
nearly colourless liquid. 

305. If to some KCy solution, contained in a test-tube 
fitted as shown in fig. 37 (p. 132), dilute HgSO^ is added, then 
a small piece of marble dropped in and the liquid boiled, 
allowing the steam to pass off into some AnigS solution, 
AmCyS is formed. This substance gives with FcgClg a hlood- 
red coloration, which may be obtained by pouring the AmgS 
solution out into a porcelain dish, boiling it, allowing it to 
cool, making acid with HCl (see Note 1, p. 161), and adding 
several drops of FcgClg : a blood-red colour, only faintly seen 
when but little KCy is used, shows that HCy has passed into 
the AmgS producing AmCyS, and therefore proves the pre- 
sence of a cyanide. 

A Httle of this red liquid should be added to some HgCl^ solution, 
if the red colour is destroyed it was certainly due to the presence of 
AmCyS. 

The marble is used to cause evolution of COg gas, which lessens the 
risk of the Am^S being sucked back during the reaction. 

* The symbol Cfy conveniently represents the group (FeCyg); it is 
used here to avoid brackets. 
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806. The former test can often be more simply performed 
by boiling the solution of KCy or HgCyg with AmgS, which 
must be added until the yellow colour remains after boiling 
for a short time. If a dark-coloured precipitate forms, this must 
usually be filtered off before the colour of the filtrate can be 
seen. Then filter if necessary, acidify with HCl in a porce- 
lain dish (see Note 1, below), and add FcgClg in small quantity; 
a blood-red colour is produced in the liquid, which is not 
removed by heat or addition of HCl, but may be destroyed 
by adding a few drops of the liquid to some HgClg. 

Note 1. — On adding HCl to the Am^S (305, 306), white S separates, 
unless the yellow liquid has been previously boiled in a porcelain dish 
untU it becomes colourless, filling in distilled water as it evaporates ; 
but this separation of S is advantageous, since it helps to show by its 
whiteness even a faint reddish tint in the liquid. Methods (304, 305, 
306) are exceedingly delicate tests for a cyanide. Methods (306) and 
(306), if less readily performed than (304), exceed it in delicacy. Method 
(306) is the more easy of the two to perform, and (305) is only used in 
cases where, after boiling with excess of AmgS, the filtrate is dark- 
coloured, and therefore the red coloration would be invisible. 

Note 2. — HgCya does not show the reactions for a cyanide by methods 
(303, 304, and 305) ; but by boiling with Am^S, according to method 
(306), AmCyS is obtained in the filtrate from the black HgS precipitate, 
and will give the red coloration with Fe^Clg. 

Solid HgCys heated in a small tube closed at one end also gives off 
cyanogen gas, which bums with a peach-blossom coloured flame. 

Hydrogen cyanide, or hydrocyanic {'^Pntssic*') add (HCy), 
is a colourless, volatile, inflammable liquid, smelling like bitter 
almonds : it is highly poisonous, both when inhaled as vapour 
and swallowed as liquid : it readily mixes with water. The 
acid is easily detected by AgNOg (303), also by (304), or by 
formation of AmCyS when the liquid is boiled with AnigS 
(306). 

Ferrooyanidbs {-'^eCyQ*y or -""^).— Use 
K4reCy6.3H20 (or K^Cfy.SHgO) solution. 

807. Fe^l^: dark-blue precipitate, "Prussian blue" 

* This part of the formula of a ferrocyanide is conveniently written 
Cfy to avoid using brackets. 
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(Fe^Cfyg) : insoluble in HCl, soluble in HgCgO^ to a dark 
blue liquid : changed by KHO into brown FegHog . 

The solubility in H,0 and insolubility in HCl are shown by pouring 
oflf portions, heating them with HCl and HgO respectively, filtering, 
and noting whether the filtrate is blue : a third portion is mixed with 
EHO, and becomes brown. 

808. FeSO^: light-blue precipitate (Fe^KgCfy), which 
quickly becomes darker on standing in the air, or immediately 
on addition of Cl-water or Br-water, or on warming with 
HNO3 : it is insoluble in HCl . 

809. CuSO^: a chocolate-coloured precipitate (Cu^'gCfy)? 
insoluble in HA, 

810. AgNO^: white precipitate (Ag^Cfy), insoluble in 
HNO3 and in AmHO. If heated with HNOg this precipitate 
changes to orange-red Ag^Cfyg, soluble in AmHO . 

Fkrrioyanidbs [ - "^FeCy^^^oT - ^Q^^]-— "C^se Kg(FeCyg)2 
(or KgCfy2) solution. 

811. i^figC^e : dark-green or brown coloration ; no precipi- 
tate is formed, as may be seen by adding much water to the 
liquid. 

812.__^e>8f04 ; dark-blue precipitate, "Turnbull's blue," 
(Fe^gOf yg) : insoluble in acids : blue colour destroyed by KHO. 
818. CuSO^ : yellowish precipitate. 

814. AgNO^: orange-coloured precipitate (AggCfyg), in- 
soluble in KN'Og, soluble in AmHO. Frequently a white 
residue is left on adding AmHO, consisting of Ag^Cfy, and 
showing that K^Cfy was present in the K^Cfyg solution. 

SuLPHOOYANiDBS ( - 'CyS). — Use KCyS solution. 

815. Fe^Cl^ : blood-red coloration, but no precipitate : the 
colour is destroyed by HgClg solution, but not by HCl . 

816. Cyanides are usually detected in analysis by methods (304, 
306, 306). Ferro- and ferri-cyanides can be found and distinguished by 
their first three tests, or by the precipitat0 giveu by AgNOg in the 
solution acidified with HNO3 ; this precipitate, if a ferricyanide is 
present, will have a more or less decided orange-red colour ; on filtering, 
OT decanting, and warming the precipitate with AmHO, white A.gfiiy 
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will be left if a f errocyanide was present, and on acidifying the filtrate 
with HNO3 orange-red Agg Cfy, will be precipitated. A snlphocyanide 
is found by (316). 



The three following acid-radicles and their salts differ from 
the foregoing by being charred and emitting a smell of burn- 
ing when heated in the solid state ; oxalates, however, do so 
only to a slight extent. If the salt be one of the alkalis or 
of the alkaline earths, the residue left after ignition contains a 
carbonate which effervesces with an acid, whereas the original 
substance did not do so. 



Oxalates (-"CgO^ or -"0).— Use Am2C204.2H20, (or 
Am2a2H20) . 

817. Strong H^SO^ heated with solid Am20.2H20 causes 
an effervescence of gas consisting of a mixture of GO and COg : 

AmgCgO^ + 2H2SO4 = CO + CO2 + AmgSO^ + H2SO4.H2O . 

The CO is detected by burning with a blue flame when a 
light is applied, the CO2 by i*endering a drop of lime-water 
on a glass rod milky. 

No blackening or charring is produced by strong HgSO^ ; 
oxalates differ in this respect from the salts of all other 
organic acids. 

818. CaCl2t CaSO^, or lime-water, added to Am2C204 
solution (made by diluting some of the reagent solution in a 
test-tube with an equal quantity of water), gives^ white pre- 
cipitate (CaC204), insoluble in AmHO and in HA, soluble in 
Ha or HNO3 • 

818 a. If this precipitate is filtered off, a portion placed 
on a watch glass will not effervesce with dilute HCl ; but if 
the remainder is dried and heated to dull redness on platinum 
foil, it is converted without blackening into CaCOg, which 
effervesces with dilute HCl . 

This is a general test for oxalate of K, Na, Ba, Sr, or Ca ; oxalates 
of these metals leave carbonates on ignition which effervesce with an 
acid. 
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819. Heated with MnOg and H2SO4, solid oxalates give 
off CO2 : 

AmaCgO^ + MnOg + 2H2SO4 = 2CO2 + MnSO^ + 

Am2S04 + 2H2O. 

Since commercial MnO^ usually contains some carbonate, it will 
give off COg when treated with H,S04. If the MnOg to be used is 
not known to be free from carbonate the best way to make the test is 
to add to some of the MnO^ in a test-tube a little H2SO4, and heat to 
boiling ; if COg is found in the tube by a glass rod with a drop of 
lime-water on its end, continue to boil, occasionally drawing fresh 
air into the test-tube by pushing down a glass tube near to the surface 
of the liquid and sucking out the air ; as soon as no COg is detectable 
in the tube after boiling for a short time, and the liquid is distinctly 
acid, the Am2C204 is added and the mixture again heated, CO^ wUl be 
rapidly given off, and may be detected by the ordinary methods. 

If the MnOg gives no COj ^ith HgSO^, proceed at once to add the 
AmaCjj04, heat and test for COj. 

Hydrogen oxalate, or oxalic acid (H2C2O4, or H2C2O4.2H2O 
if crystallised), when heated in a glass tube closed at one 
end partly sublimes unaltered, and is partly decomposed, 
yielding vapours which cause coughing ; it yields reactions 
(317) and (319). It dissolves in water to an acid, poisonous 
liquid. 

/ For a neutral tartrate use JN'agT. 2H2O 

/ ..n^^^^^^^ //mx \ 0^ ^^^ ^ ^^^ ^^ ^^i^ tartrate use 
( - C,H,Oe, or - T). ^ ^^^ ^^ ^^^T. 

820. A solid tartrate or solid HgT, when heated strongly 
in a tube, chars, giving off a smell of burnt sugar. 

321. A solid tartrate or solid H2T heated with strong 
H2SO4 blackens, giving off a mixture of CO, COg and SO2. 

322. AqNOq gives with solution of a neutral tartrate a 
white curdy precipitate (Ag2T), soluble in AmHO and in 
Hl^Og. Allow some of the above precipitate (AggT) to settle 
in a test-tube, and pour off as much of the liquid from above 
it as possible ; then pour very dilute AmHO drop by drop 
into the tube, until the precipitate, after being shaken up 
with the liquid, is nearly but not quite dissolved : then heat 
the test-tube gradually and gently by immersing it in a 
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beaker of cold water and slowly raising its temperature to 
60°, a brilliant mirror of Ag will form on the interior of the 
tube. If the liquid, instead of being slowly heated to 60°, be 
quickly boiled, the Ag deposits as a black precipitate which 
is not so characteristic. 

323. CaCZg precipitates from a neutral tartrate solution 
white or crystalline CaT : the precipitate often separates only 
after shaking the liquid well and letting it stand for a time ; 
it is soluble in acids and its formation is retarded by AmCl 
and other Am-salts. This precipitate is soluble in strong cold 
KHO*, is reprecipitated by boiling, but dissolves again more 
or less completely on cooling. 

Decant the liquid from the precipitate and pour upon the 
precipitate a little very dilute AmHQ in a test-tube, drop in 
a small crystal of AgNOg and warm carefully as in (322). A 
silver mirror forms on the part of the glass on which the 
AgNOg rests. 

324. Ka, or better KA, if added to solution of HgT or 
an acid tartrate, gives on stirring or shaking a white crys- 
talline precipitate (KHT). If HA is added at the same 
time, the precipitate may also be obtained with neutral 
tartrates. Addition of alcohol assists the formation of the 
precipitate which is soluble in alkalis and in mineral acids. 

325. If a few drops of FcgClg solution be added to HgT or 
KNaT solution, then KHO or AmHO until the liquid is 
strongly alkaline, no precipitate forms. The precipitation of 
several other metals (e.^., Al, Mn, Cu) by alkalis is similarly 
prevented by HgT : this is owing to the formation of a double 
tartrate of the alkali and the other metal, which salt is not 
decomposed by an alkalL 

Hydrogen tartrate, or tartaric acid (HgT), occurs in 
colourless crystals which do not alter in the air ; they taste 
pleasantly acid, and dissolve in water and in alcohol : they 
are detected by heating them alone or with strong HgSO^ 
(320, 321) : if dissolved and neutralised they also yield the 
reactions in (322, 323). 

* A milkiness remains, however, if the potash solution CQiLta.vGk& ^-o^^Vs^si!^^. 
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Acetates ( - 'C2H3O2, or - 'A).— Use NaA-SHaO. 

826. Solid NaA if strongly heated blackens, giving off 
a peculiar smell and a vapour (acetone) which bums with a 
bright flame when kindled. 

827. Heated with strong HgSO^, vapour of HA is given 
ofE^ recognised by its pungent smell of vinegar. If alcohol 
is first added to the NaA then strong HgSO^ and_ the 
mixture is warmed, a fragrant smell of ethyl-acetate (EtA) is 
emitted ; it is most decided when the liquid is shaken after 
cooling for a short time. 

828. Fe^Cl^ added in small quantity to a little NaA dis- 
solved in water, gives a deep red colour : on boiling the 
solution, made neutral but not alkahiie with AmHO (if 
necessary), all the Fe separates as a light-brown precipitate 
and the liquid becomes colourless. The red colour of the 
solution before being boiled is changed to yellow by addition 
of HCl (Difference from the coloration due to sulphocyanide). 

Hydrogen acetate, or acetic add (HA). — " Glacial acetic 
acid" is at 17° C. a colourless crystalline substance, emitting 
when heated a very pungent and inflammable vapour : it is 
strongly acid. It dissolves in water readily, imparting its 
peculiar smell to the liquid in a mild degree. The acid is 
completely volatile without decomposition. 



829. The above organic acid-radicles may be specially 
tested for by any of their reactions ; (318) being generally 
used to test for an oxalate in solution (317) or (319) when 
it is solid ; a tartrate is best detected in solution by reaction 
(322) or (323), or if solid by (320) ; an acetate is found by 
(326) or (327). 

*^* After completing the reactions for the acid-radicles 
the student may proceed to Section VL, unless he is intend- 
ing to learn the analysis of simple salts, when he proceeds 
to Section V. 



SECTION V. 

ANALYSIS OP SIMPLE SUBSTANCES CON- 
TAINING ONE METAL AND ONE AOID- 
RADICLB* 

Note. — This section maybe neglected by a student who is proceeding 
through the senior analytical course. 

880. The ordinary method of proceeding to detect the 
metal or acid-radicle or both in a simple substance, is to make 
a few preliminary experiments, which will usually give some 
idea as to what substance is present, and will occasionally 
even detect metal or acid-radicle, or both of them, with cer- 
tainty. Whether the composition of the substance has been 
satisfactorily proved by this preliminary examination or not, 
the next process is to endeavour to dissolve the substance, if 
it is not already in the liquid form, in water or acids : then 
by adding to the solution certain group-reagents in the proper 
order of succession, it is found to which Analytical Group 
the metal present belongs. The following Table gives the 
analytical groups for metals, each group being headed by its 
distinctive number, name, and group-reagent : — 

* Two metals may occasionally be present, as when an alum, or tartar- 
emetic [K(SbO)T], is given for analysis ; also there may be two acid- 
radicles in the liquids given for analysis, since a salt insoluble in water in 
occasionally dissolved in an acid : but the student should always be in- 
foi*med of this if it in any way complicates the analysis. It will not 
usually do so, since in the most commonly occurring case, that of an 
alkaline earth phosphate dissolved in HCl, the PO4 is detected in 
Group III. and accordingly no other acid-radicle is looked for. 
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TABLE OF ANALYTICAL 



Table showing the Analytical 



Note. — ^It will be 
observed that there 
are two divisions of 
Groups II. and III. 
In analysis it is usual 
to separate the two 
divisions of Group II. 
from one another, 
after having sepa- 
rated Uie whole group 
from the remaining 
fiTOups ; the two divi- 
nons of Group III. 
•re by some analysts 
precipitated together 
and subsequently se- 
pu«ted ; they are, 
however, often pre- 
cipitated separately, 
and treated as dis- 
tinct groups. 



Metals whose chlorides 
are insoluble in water 
and dilute acids, and 
which are therefore 
precipitated from their 
solutions by hydro- 
chloric acid. 



Metals whose sulphides are insoluble in 
dilute acids, and which are therefore 
precipitated from add solutions by 
sulphuretted hydrogen. 



Group I. 

Hydrochloric Aeidf or 

aUver Group. 



[Lead . 
Silver . 
Mercurosum 



1. 



Pb.] 

Ag 

Hg- 



Group II. 
Sulphuretted Hydrogen Group. 



f Group II.A. 
{Copper Group. 
Sulphides insoluble 
in NaHO and in 
AmjS. 



f Group II.B. 
l Arsenic Group. 
Sulphides soluble 
in NaHO and in 
AmjS. 



Mercuricum Hg" 

[Lead . . Pb] 

Bismuth . Bi 

Copper . Cu 

Cadmium . Cd 
2. 



Tin . 

Arsenic 

Antimony 



3. 



Su 
As 
Sb 



After discovering to which of the above analytical groups 
the metal present belongs, it is identified by the properties or 
appearance of the group-precipitate, and its presence con- 
firmed, if necessary, by special tests made on the precipitate 
or on another portion of the " original solution*.'^ 

The acid-radicle, if it has not been already detected during 
the examination for the metal, is tested for in a less syste- 
matic manner. A few preliminary experiments are first 
performed, and if these do not detect the acid-radicle, it is 
found, partly by a systematic examination, including that 
described above for the detection of the metal, but more 
commonly by special tests. 

A substance insoluble in water and in acids is examined 
according to the special directions in (367-369). 

Since in these analyses only one metal and one acid-radicle 
are to be looked for, the examination for the metal is carried 
no further when one metal has been detected with certainty, 
and the examination for the acid-radicle is similarly at an end 

* By the " original solution " is meant the solution of the substance, 
or the substance itself, if a liquid is under analyflis, to which no reagent 
has been added. 
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Cldssificatlon of the Metals. 



lis which are precipitated as hydrates 
»m their solutions containing ammo- 
im chloride when made alkaline with 
imonia, or as sulphides or hydrates 
len ammonium sulphide or sulphu- 
ited hydrogen is subsequently added. 



Group III, 

Atn/moma and Amrnonium- 

gulphide Group. 



3R0UP III.A. 
monia or Iro-n 
Group. 



( Group III.b. 

1 phide or Zine 
\ Group. 



linium . 
mium 



Al 
Fe 
Cr 



Zinc 

Manganese 
Nickel . 
Cobalt . 



Zn 

Mu 

Ni 

Go 



Metals whose carbo- 
nates are precipi- 
tated by addition of 
ammonium carbo- 
nate in the presence 
of ammonium chlo- 
ride. 



Group IV. 

Ammonium-carbonate 

or Bariwn Group. 



Barium 

Strontium 

Calcium 



Ba 

Sr 
Ga 



Metals whose solutions 
are not precipitated 
by any of the fore- 
going group-reagents 
in the presence of 
ammonium chloride. 



Group V. 
Potassium Group. 



6. 



Ammonium . NH4 

Potassium . K 

Sodium . . Ka 

Magnesium Mg 

7. 



when the presence of one such radicle has been satisfactorily 
proved. It must, however, be understood that substances 
given for analysis are liable to contain impurities, which will 
yield only slight indications ; if in the course of analysis, 
therefore, only a slight result is obtained, proceed until some 
substance is detected in larger quantity, entering against the 
slight result " Trace of ." 

The separation and washing of a precipitate by " decan- 
tation" (23 b, 24 ft) is recommended wherever it is possible, 
as this process is more easily performed than that of filtration 
(23 a): if a precipitate, however, refuses to settle after heating 
and shaking the liquid, filtration must usually be resorted to. 

Caution, — In every analysis each result must be fully 
entered in the note-book as soon as the expenment has been 
perfimned. The form of entry being the same as that adopted 
for the directions in the text. 

For examples of substances to be given for analysis by 
Section V. see par. 537. 



* * 

* 



The numbers ia brackets refer to the paragraphs in the text, 
in which tests or processes to be employed by the student are fully 
described. 
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DIEECTIONS FOE THE ANALYSIS OF A SIMPLE 

SUBSTANCE. 

The substance given for analysis may be either a solid or a 
liquid. If it is a solid examine by (331 et seq.) omitting 
(334), if a liquid is to be analysed begin at (334). 



THE SUBSTANCE GIVEN FOE ANALYSIS IS A 

SOLID. 

881. Make a careful examination of the properties of the 
substance, noting down its colour*, its smell, if it possesses 
any, also its form — ^whether it is in powder, crystals, or non- 
crystalline pieces : note carefully also any appearance or pro- 
perty which may strike you on examining the substance with 
the naked eye or with the assistance of a lens : after noting 
down the results of this examination, the substance is 
powdered as finely as possible. 

If the substance possesses a metallic lustre or appearance, 
work as directed under (366) : if it is not metallic in appear- 
ance, proceed to ascertain its solubility by the directions con- 
tained in (332), and, according to the result thus obtained, 
conduct the further analysis of the substance by (333) or by 
(367). 



* The salts of the following metals are coloured : — Cu, blue; Fe'", Jroiwi- 

ish-yellow; ¥e", pcUe-green; Ni, Or, Cadj,, green; Mn, delicate-pink; 

Co, reddish-pink. Chromatea, ligkt-yeUow; dichromates, orange-red; 

SbgSj, CiiO, MnOj, black; HgO, Pb804, red; PbOj, dark-brovm; PbO, 

li^A^'drotim; Crfi^ green,. 
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SOLUBILITY OF THE SUBSTANCE. 



SOLOBILHT O? THE SUBBTAKOB. 

332. Since the method of examinatios of a solid aubBtance 
depends upon whether it is soluble or ineolulile in water or 
acide, the following experiments aie tried. 

Place a small quantity of the finely powdered substance 
in a broad test-tube or a boiling-tube, fill the tnbe about 
one thiid with water, and heat to boiling : — 
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Preliminary Examination of a Soluble Solid. 

333. The Table is thus arranged : in the first column is 
placed the experiment to he made; in the second a list of 
the results, any one or more of which may be observed; and 
in the third the inferences to be drawn from the results. 
Confirmatory or supplementary experiments are occasionally 
entered, they are, however, only to be tried when the result 
preceding them in the second column has been noticed. 

A more complete preliminary examination will be found 
in (387-408). 



Experiment. 



I. Heat a portion of 
the snbstance in an 
ignition - tube, or 
in a small dry test- 
tube, first gently 
and at last to red- 
ness. 



Confirmatory. — Boil 
auother portion of 
the subsUince with 
KHO solution. 

Confirmatory. — Mix 
another portion of 
the substance with 
about three times 
as much powdered 
NaoCOa and KCy 
and heat in an igni- 
tion tube. 



Observation. 



/ 



Inference. 



I. The substance does not change 



II. The substance changes : — 

1. Drops of water condense in the top of 

the tube. 

2. The substance fuses easily 



8. Tlie substance sublimes . 



A smell of NHa is evolved and white fumes 
appear when a rod moistened with 
strong HCl is held to the mouth of the 
tube. 

A grey sublimate of minute metallic glo 
bules, best seen by a lens. 



A black mirror-like sublimate . 
4. The substance blackens, and gives off 
COg, which makes a drop of lime-water 
on a glass rod milky. 



If the cool residue in the tube effervesces 
with H(^. whereas the original sub- 
stance did not. 



Absence of volatile, 
fusible and organic 
substances, and of 
water. 



Presence of HjO. 

Probable presence of 
a salt of Na or K, or 
of Ba, Sr, Ca, Mg 

Presence of a salt of 
NH4, As, or Hg: 
possibly also of 
H2C2O4, of S (yel- 
low), and of I 
(purple vapour). 

Presence of NH4. 
Confirm by PtCl4 
(52), and proceed 
to (335). 

Presence of Hg. Pour 
upon the original 
substance a few 
drops of AmHO, if 
it blackens Hg' is 
present, if not Hg'' 
is present. 

Presence of As. 

Presence of an or- 
ganic acid-radicle, 

probably A, or T : 
the last is known 
by a smell of burnt 
sugar. 
The organic acid- 
radicle is united 
with K, Na, Ba, 
Sr, Ga, or Mg. 



333.] 



OF A SIMPLE SOLUBLE SOLID. 



173 



Experiment. 



Obseryation. 



II. Dip into the pow- 
dered substance a 
moistened loop of 

Elatinum wire, and 
old the loop in 
the Bimsen flame ; 
moisten with strons 
HCl, and again hold 
in the flame. 



5. Gas or vapour is given off: smell the 

vapour : — 
Red nitrous fumes, recognl2ed by their 

smell. 
SO2, known by its smell and by turning 

£2^20? solution green. 



CI, Br, I, known by smell and colour : Br 
and I by action on starch paste, and CI 
by bleaching moist litmus. 

A slip of wood with a spark at its end, 
glows brightly or bursts into flame. 



The gas can be lighted and bums at the 
mouth of the tube ; note the colour of 
the flame : — 

Pale greenish-yeUovo : the gas bums ex- 
plosively, and nitrous fumes are seen. 

Bright whUe, the unbumt gas smells of 
garlic. 

Peach-hlossom coloured flame, grey sub- 
limate of Hg. 



Inference. 



6. The substance changes colour : 

Yellow, hot. 

Yellow-broion, 
Dark red or 
broum. 



••» »» 



White, 
Yellow, 



cold. 
Red brown, „ 



1. The flame is not coloured 

2. The flame is coloured :— 
Intense yellow* . 



• • 



Pale-violet*, appearing crimson-red) 
through the indigo-pilBm . . | 



Red 



/ Appearing ^e«n through the) 
J indigo-pnsm . . . f 
j Appemngint6n8e-ree2 through) 
\ the indigo-prism . . j 



(Yellowish-green . 
n^^i,^ J Bright-green, with blue centre > 
^^^^ J after moistening with HCl. ] 

\Qreen 



Blue 



i Pale-blue (livid) . 
( Vivid-blue . 



From nitrate of a 
heavy metal. 

From combustion of 
free S or a sulphide ; 
possibly also from a 
sulphate, sulphite, 
or theiosulphate. 

From certain chlo- 
rides, bromides, or 
iodides, also free I. 

from chlorate or 
nitrate, or N2O 
from decomposi- 
tion of NH4NO, . 



Presence of NH., 
from strongly heat- 
ed NH4NO8 . 

Presence of PHs, pro- 
bably from a hypo- 
phosphite. 

Presence of Cy, from 
HgCya. 



ZnO 

PbO, SnOa or BijOa 

FegOa 



Probable absence of 
the substances enu- 
merated below. 



Presence of Na. 
K. 

Ca. 

Sr. 

Ba. 
Cu. 
B2O3. 

Presence of As, Sb, Pb. 
„ CuClj. 



* If the coloration for Na or K is Intense, no further examination for the metal is 
necessary but the presence of K should be confirmed by stirring with PtCl4 (47). Proceed 
to (335). If the coloration is slight, a trace only of the metal is present, and the examina- 
tion for another metal is continued. 
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Experiment. 



in. Heat a portion 
of the substance in 
a cavity scooped on 
charcoal, in the 
blowpipe flame. 

Confirmatory. — De- 
tach a small portion 
of the white mass, 
place it on red lit- 
mus paper and 
moisten it with a 
drop of water. 

Confirmatxny. — If the 
moist residue is not 
alkaline to test- 
paper, moisten the 
remainder on the 
charcoal with 

Ck>(N08>2 solution 
and heat again 
strongly in the 
blowpipe flame. 



IV. Fuse a small 
quantity* of the 
substance into a 
clear colourless 
borax bead first 
in the inner then 
in the outer flame, 
noting in both cases 
the colour of the 
bead whilst hot and 
when cold. 



Confirmatory. — The 
presence of Cr or 
Mn may be con- 
firmed by fusing a 
X)ortion of the sub- 
stance on platinum 
foil or wire with 
NazCOs and KKOs. 



Observation. 



1. The charcoal '* deflagrates," or bums ra- 
pidly. 

2 A white mass is left in the charcoal which 
does not fuse, and shines brighUy when 
strongly heated. 

The red paper becomes blue in a short time 
where the substance rests. 



A Uu$ residue 



A pink residue 



A green residue 



8. The Msidue is not white and does not 
consist of globules of metal, neither is 
there any mcrustation formed upon the 
charcoal ; proceed to Exp. lY. 

4. The residue contains metallic globules 
or an incrustation forms on the char- 
coal ; proceed to Exp. V., omitting Exp. 
IV. 



The bead is colourless when heated in both 
flames. 



The bead is coloured 

In outer flame. 
BluCf hot ; ^een,cold. 
Blue, hot and cold. 
Brown or dingy- 

purple,hot ; light 

broiDn, cold. 
Brown, hot ; yellow, 

cold. 
Green\, hot and cold. 

Purple, hot and cold. 



In inner flame. 
JSed or colourless 
Blue, hot and cold 

Qrey or black, hot ) 
and cold . . ) 

Bottle-green, hot ) 

and cold . . f 

Oreen, hot and cold 

Colourless, hot and ) 

cold . . j 



A yellow mass on cooling 



A bluish-green mass on cooling 



Inference. 



Presence of a nitrate 

or chlorate. 
Presence of Ba, Sr, 

Ga, Mg, Al, or Zn. 

Presence of Ba, Sr, 
Ca, or possibly of 
Mg. 



Presence of Al, or 
possibly of a phos- 
phate, silicate, or 
borate. 

Presence of Mg. 



f> 



Zn. 



Absence of the metals 
below. 



Presence of Cn. 
„ Co. 

Ni. 






Eef. 

Cr. 

Mn. 



Cr. 
Mn. 



* It is necessary to adjust carefully the quantity of substance fused into the bead ; if too 
much is used, the bead will often appear opaque ; if too little is employed, one of the metals 
may escape detection. It is best at first to fuse only a minute quantity into the bead, adding 
more if no colour, or but a faint colour, is produced. 

t Cr if present as a chromate gives a bead brown whilst hot, after having been fused in the 
outer blowpipe flame; but this brown coloiur is not reproduced in the case of Cr when the 
bead, after becoming green by being heated in the inner flame, is again heated in the outer 
flame. 



333.] 



OF A SIMPLE SOLUBLE SOLID. 



175 



Experiment. 



v. Mix the substance 
in a small cavity 
on wood-charcoal 
with NasCOs and 
KGy, and heat 
strongly in the 
inner blowpipe 
flame for sevend 
minutes. 

If metallic globules 
are obtained, de- 
tach one and strike 
it sharply on the 
bottom of an in- 
verted mortar with 
the peatle, and note 
whether it is 
crushed to powder 
OnitUe) or merely 
flattened out into a 
cake (maUetible). 

If the globules are 
white and malle- 
able, take one upon 
the point of a pen- 
knife and see if it 
will mark paper as 
a black-lead pencil 
does. 



Observation. 


Inference. 


Metallic scales or globules are obtained, or 






an incrustation on the charcoal :— 






Globules. 


Inerustation. 






WhUe and briUle. 


WhiU 


Presence of Sb. 


White and brittle. 


Yellow . 


,, 


Bi. 


Red and malleable. 


None 


,, 


Cu. 


White and maUeable ) 








marking paper > 


TeUow 


n 


Pb. 


easily. . . ) 








White andnuOleable 








not marking paper, > 
and readily fusiole. . 


None 


it 


Sn. 








WhiUaadmaUeaMe ) 








not markinff paper, f 
fusible omy with ( 


None 


it 


Ag. 


difficulty. ) 


(YeUwo whilst hot,^ 
white when cold; 
becomes green 






None. 


when moistened 
^ with Co(NOj)jj 
solution and re- 
heated in the 


a 


Zn. 


None. 


vouter flame. ) 
Brown 


a 


Cd. • 


None. 


White; on smelling) 








the charcoal a ( 




As. 




smell of onions is ( 


II 




perceived. ; 







After the completion of the preliminary tests for the metal, a solu- 
tion of the suhstance is made according to the directions in (332), 
and this solution is examined as there directed. 
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334. Fbeliiunary Examination of a Liquid. 



Experiment. 


Observation. 


Inference. 


I. Note the colour 
of the liquid. 

Note.— It Hie colour 
has to be observed 
by night it should 
be examined by the 
white light obtained 
by burning a piece 
01 magnesium-rib- 
bon. Delicate tints 
are best seen by 
looking through 
some thickness of 
the liquid at a sheet 
of perfectly white 
paper. 


f Very delicate 
Pink \ 

(Intense .... 
/ Very ddlicate 

Green < 

(intense .... 
(Beddish-yellow 
Yellow < 

(Light yellow 

Blue ..... 
Violet or purple .... 

The liquid is colourless 


Presence of Mn or 

dilute Co solution. 
Presence of Co. 

„ Fe", or Ni or Cr 
in dilute solu- 
tion. 

„ Ni, Cr, or Cu. 

„ Fe"' or a bi- 
chromate. 

„ neutral chro- 
mate. 

„ Cu. 

„ Cr or a perman- 
ganate. 
Absence of Co, Ni, 

Cr, Cu, &c. 


II. Dip pieces of 
red and blue 
litmus-paper into 
the liquid. 


It is neutral ..... 
(Not affecting the colour of either paper.) 

Itiactdd ..... 
rruming blue paper red. 
If. on adding NajCOa to a part of the solution 
ana warming, no effervescence occurs, free 
acid and acid salt are absent. 

It is alkaline ..... 
(Turning red paper blue.) 
If the colour of the paper becomes only 
slightly changed it indicates, probably, the 
presence of an alkaline salt. 


Absence of free acids 
and alkalis, and uf 
all salts but some of 
those of Am, Na, K, 
Mg, Ba, Sr, Ca, Ag. 

Presence of a free 
acid, of an acid salt, 
or of a salt with 
acid reaction. 

Presence of a hydrate 
of K, Na, Am, Ca, 
Sr, or Ba, or of a 
salt with alkaline 
reaction. 
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Experiment. 



III. Evaporate (21) 
some ox the liquid 
upon a thin watch 
glass* heated very 

gintly by support- 
g it some £aches 
above a small flame 

Xi a piece of 
gaiuse, or7by 
means of a sand or 
water bath. 
If a residue remains 
on the glass bring 
this gradually into 
the flame and heat 
it more strongly. 



IV. Add excess of 
strong NaHO or 
KHO solution and 
boU(61). 



Observation. 



A residue is left. .... 

On being strongly heated the residue blackens 

and emits a smell of burning 
The smell resembles that of burning sugar. 

NoU.-Ai the cold residue after ignition effer- 
vesces with a drop of HCl, whereas the unlg- 
nited residue did not, the organic acid-radicle 
is united with Ba, Sr, Ca, Mg, Na, or E. 
The results in Exp. I., par. 883, may be here 

observed and should be noted. 
Keep this residue for Exp. VI. 

No reaidtis is left .... 

If the liquid is also colourless, tasteless, 
and without action on litmus-pacer, it must 
consist only of distilled water, and no further 
examination of it need be made. If the 
liquid is alkaline, NHs must be looked for ; if it 
is acid, H^COs, HoSOs, HCl, HNOs, H^SO^, and 
other volatile acids only need be tested for. 



Inference. 



Presence of some dis- 
solved solid. 

Pres. of JA, 0, or T. 
Pres. of T. 



Absence of any dis- 
solved solid. 



A smell of NH« ; moist red litmus is turned 
blue, and a rod moistened with strong HCl 
produces white fumes when held in the 
mouth of the test-tube. 



Presence of NH4 . 
No further test need 
be tried for a metal. 
Proceed to (335). 



V. Experiment II. (page 173) is then tried by dipping the platinum wire into the liquid, 
concentrated, if necessary, by evaporation. 



VI. Experiment IV. (page 174) is tried by fusing some of the residue from Exp. III. 
(above) in the borax bead. 



• A piece of thin glass from the side of a broken fla^k is a cheap and useful substitute 
for a watch glass. 



^\ 
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Preliminary Examina 

335. Pour dilute H2SO4 in excess upon the substance in a test-tube. 

336. A gas is evolved, shown by efifervescence or by a characteristi( 



1. Colourless gas 
toUhout smeU. 

A drop of lime 
or baryta-water, 
held in the tube 
upon the end of a 
glass rod becomes 
milky:— 

Presence of a car- 
bonate 



2. Oas smeUing of burning 
sulphur. 

A drop of EaCrsO; solution held 
in the tube upon the end of a 
glass rod, becomes green : — 
Presence qf a sulphite. 



I a. The SO2 gas is given off 

only after standing for a time 

or on warming, and yellow S 

separates :— 

Presence of a theiosulphate. 



3. Oas with a most 
fetid smell. 

A slip of filter-paper 
moistened with 
alkaline solution 

of PbAj, and held 
in the tube, is 
blackened :— 
Presenceof a sul- 
phide. 



4. TeUotogassme 
ing of CI, 

A slip of moi 
litmus-paper he 
in the tube 
bleached :•«- 

Presence 0/ a hyf 
chlorite. 



337. Add strong HgSO^ in small quantity to a fresh portion of the 
of the results enumerated below occurs*, if none of them is noticed 



1. Fumes are evolved with pungent smell and add reaction 
to litmus-paper, the liquid is not coloured :— 
Presence qf a chloride or nitrate. 



Confirmatory.— Rold in the 
fumes a guuiB rod moistened 
with a solution of AgNO* 
acidified with HNO, : the 
solution on the rod becomes 
milky:— 
Presence of a chloride. 

Confirm by (351). 



Confirmatory.— Drop into the 
acid some small pieces of 
Cu, reddish-brown gas is 
evolved :— 
Presence of a nitrate. 



2.The liquid become yeUo\ 
or red, and a chlorous sm^ 
is given off: on warmin 
the tube a crackling nois 

« or slight explosion is pre 
duced : — 
Presence of a chlorate. 

Confirmatory.— To a portio] 
of the cold solution of th 
substance in water ad< 
a few drops of dUut 
indigo solution, then som 
H2SO3, the blue colour 
the indigo is destroyed. 



338. After heating the tube containing the strong HgSO^ and 
porcelain dish for (338a); rinse out the tube, and dry the inside 
fluoride is shown. The presence of a fluoride, if decisively indicated 

338a. Add to the liquid in the porcelain dish alcohol, mix by 
tinge it shows : — Presence of a borate (confirm by 353). 



If Pb, Ba, Sr, or Ca is present the addition of H,S04 causes a 
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TION FOR THE AoID-RaDIOLIS. 

and observe the eflfect produced* ; then heat to boiling : — 
smell ; see below : — 



5. Reddisk-broton fumea are 
evolved, best seen by looking 
down the tube at white 
paper. 

On adding a little cold dilute 
H2SO4 and FeS04 Bolntion 
to a fresh portion, a deep- 
brown liquid :— 

Presence of a nitrite. 



6. Smell o/HCy. 

Test for a cyanide and a 
ferro-, ferri-, and sulpho- 
cyanide in the ori^nal 
substance by (851). 



7. Smell 0/ vinegar. 
Refer to (337, 4) below 



No gas is evolved :— 
Absence of carbonate lul- 
phite, theiosulphate, buI- 
phide, hypochlorite, nitrite. 

Pass on to (887). 



substance, mix well by shaking, heat the liquid and note whether any 
proceed to (338) and (338 a) :— 



3. A reddisk-broton or violet colour 
is produced in the acid, and no 
explosion or crackling occurs on 
warming :— 
Presence of a bromide or iodide. 

If on heating the mixture, coloured 
vapour is evolved (see note), hold 
in the vapour the end of a glass 
rod covered with moist starch 
powder : the starch becomes 
brown :— 

Presence of a bromide. 

The starch becomes bluish-black :— 
Presence of an iodide. 

Note.— The vapour is much more 
easily obtained bv mixing the sub- 
stance with MnO« powder, before 
adding H2SO4 and heating. 



4. A smell of 
vinegar is 
noticed :— - 

Presence of an 
acetate. 

Confirmatory. — 
Add to a &esh 
portion of the 
substance some 
alcohol, then 

^ strong H2SO4; 
a fragrant 
smell proves 
an acetate. 



6. A mixture of 
CO and CO2 
gases is aiven 
of: found by a 
drop of lime- 
water held in 
the tube being 
turned milky, 
and i by the 
CO burning 
with a blue 
flame when 
kindled :— 

Presence of an 
oxalate. 



6. The tiub- 
staneebla^ens 
and evolves 
gases, amongst 
which S0« is 
recognised by 
its smell and 
its action on 
K2Cr207 solu- 
tion:— 

Prob. presence 
of a tartrate. 

Confirm by 
(864). 



substance, let it stand for some time, then pour the liquid into a 
thoroughly ; if it is seen to be corroded and dimmed : — Presence of a 
here, requires no confirmation. 
stirring, heat the dish and kindle the alcohol, if the flame has a greenish 



precipitate of the insoluble sulphate : this may be disregaided. 
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SIMPLE SUBSTANCE. 
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339. GENERAL TABLE FOR THE 

If the metal has not been detected in the Preliminary Examination^ 
(see Table pp. 168, 169), and then trying special tests for each 



A part of the solution of the aubstanoe, if acid (340X Ib mixed with dilute HCl (341) ; if 



The precipitate may 
be— 

AgCl— white. 
HgjjCl^ „ 
PbCW- „ 



Examine for the 
metal by Table I. 
(844). 



Into the same part of the solution (342) H^S is passed, or HsS- 
is heated to ooiling :— 



The precipitate may be— 

HgS— black. 
Pba- 

Bi^r- 
CuS— 
CdS— yeUow. 



»t 



RnS— brown. 
SnS«— yellow. 
SbsSj— orange. 
AssSs— yellow. 



Examine for the metal by 
Table II. (345). 



To tkfrtsh portion of the sola- 
iCautUm. — If a tartrate or 
evaporating the liquid must 
dilute HCl, and tested by 
If AmCl and AmHO produce 
and warmed. Should a 
(843) or fluoride (338) have 



The precipitate may be — 

CrjHoe— pale-green. 
FejHoe— reddish-brown. 

{dingy - green, 
turning brown 
in the air. 

Examine for the metal by 
Table IH.a (346). 



If the precipitate is opaque 
or white and has none of the 
above appearances, refer to 
(357). 



If no metal can be found, the substance is probably an acid (see 
334, II.). 

Notes to the General Table. 

840. If the liquid is Tumtral or alkaline^ a portion of it is made just 
acid by slowly dropping in dilute HNOs; if this produces no precipitate 
or a precipitate which dissolves on adding more HNO3, another por- 
tion of the liquid is examined by the above Table. 

If a precipitate forms which is not dissolved by adding more HKO3, 
it may consist of colourless, gelatinous H4Si04 from a silicate, or 
finely divided S which is precipitated white from a polysulphide, and 
yellow from a theiosulphate ; or of SnO,, or metastannic acid, or 
SbjOg (all white) ; it may also possibly be SnSj, AsjSg (both yellow), 
SbjSg (orange-red), these sulphides being precipitated from a sulpho- 
stanuate, sulpharsenite, or sulphantimonite. 

If H4Si04 separates it is best to evaporate the acidified solution quite 
to dryness, then heat the residue with dilute HCl ; any insoluble 



343.] 
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EXAMINATION FOE THE METAL. 

it is most rapidly found by ascertaining to which Group it belongs 
member of the Group. 



any precipitate forms, more HCl is added and the liquid heated :- 



water is added to it (343), the liquid is then diluted, and if no precipitate has formed it 



tion AmCl is added, then AmHO in excess :— 

oxalate has been found by (337), some of the solid substance or the residue obtained by 

be strongly heated on a piece of porcelain, the residue on cooling is then dissolved in 

AmCl and excess of AmHO.] 

a precipitate^ a few drops of the original solution are added to some AmHMo04 

yellow precipitate form, indicating the presence of a phosphate^ or should a chromate 

been found refer to (36 lO for the examination of the Group IIIa. precipitate. 



To the same portion add a few drops of AmjS, or HjS-water :— - 

[i\rote—Before adding AmsS the liquid may be blue, showing jprMenee of Ni, or vMet 
from dissolved Cr2Ho« : the latter must be precipitated by long boiling in a por- 
celain dish before adamg AmjS.] 



The precipitate 
maybe — 

ZnS— white. 
MnS — ^pink. 
NiS — black. 
Cos- 
[FeS— 



*i 



f> 



Examine for the 
metal by Table 
III.B. (347). 



To the same portion add AmjCOs : — 



The precipitate 
maybe:— 

BaCOs- white. 

SrCOr- 

CaCOi- 



tt 



Examine for the 
metal by Table 
IV. (348). 



To the same portion add Na2HF04, warm 
gently and shake well :— 



A white crystal- 
line precipitate 
proves presence 
o/Mg. 



The metal still'pre- 
sent may be NH^ 
Na,K; it should 
have been de- 
tected already in 
the Preliminary 
Examination by 
Tests I. or II. 
(333). 



residue confinus the presence of a silicate, it is filtered off, and the 
filtrate tested for the metal by the above (General Table. 

Any other substance insoluble in dilute HNO3 is filtered off and may 
generally be known by its appearance : further, SnO^ becomes yellow 
and Sb^Og orange when moistened with H^ water, metastannic acid 
becomes golden -yellow if moistened with SnCl, solution. 

341. Make a note of any changes which occur on the addition of 
HCl ; gases may be evolved (336), or a yellow solution may become 
reddish-yellow f which renders probable the presence of a neutral 
chromate. 

342. Before H^S is added, the liquid must be heated, and if any 
smell of CI or of SO, or brown nitrous fumes should be x)erceived, the 
solution must be boiled down nearly to dr3mess, then dilute HdSl added 
and HjS added at once. During evaporation gelatinous 1148104 may 
separate (340). 

343. The following changes occurring on the gradual addition of H^ 
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TABLE I. — SILVEai GROXJP. 



[344. 



are of importance. If the precipitate is whiie at first, then Irovm, and 
at last hlacki the presence of Hg" is shown ; if the solution is strongly 
acid and gives a red precipitate becoming black on dilution with H^S- 
water Pb is present. 

A separation of white S may occur accompanied by the following 
changes of colour, which are characteristic and should be noted down : — 

A reddish-yeUow Bolntion changing to pale green indicates a f eiilc salt. 
A reddiskifeUow „ » bright green „ chromate. 

A green „ „ colouriesa » manganate. 

A purple „ „ coUmrUte „ permanganate. 



The precipitate of S is known by being perfectly white and running 
through a filter, it need not be further examined. 

A yellow precipitate which forms only on boiling the liquid may be 
AsgSs from an arsenate, or SnS, from a stannic salt. 



344. TABLE L— SILVEE GROUP. 

A white precipitate forms on addition of HCl, and is either 
not dissolved when boiled with HCl, or it dissolves and 
reappears in crystals on cooling, the liquid showing the pre- 
sence of Pb. The precipitate may consist of AgCl, PbCl^, 
HggCV 

Let the precipitate settle and decant the liquid : boil the 
precipitate in the test-tube with AmHO : — 



1. The precipitate disaolvea, 
at least in part (see note 
below):— 

Presence of Ag. 

Confirm by adding excess 
of HNOg to the AmHO 
solution, a mUldness 
appears. 



^oto.— Coagulated AgCl 
often disBolTes only slowly 
in AmHO. 



2. The precipitate does not dinolve:— 



The colour of the precipi- 
tate ie wfMianged: — 
Presence ofPb . 

Confirm by decanting 
the liquid, dissolying the 

precipitate in HA, and 
adding TL^CtOa to the 
solution ; a yellow pre- 
cipitate forms. 



7^ precipitate becomes 
black:— 
Presence of Hg' 
(Mercurosum). 

Confirm by immersing 
a bright slip of copper 
in a portion of the ori- 
^al solution, made 
acid with a few drops of 
HNO3; a grey deposit 
forms on the Cu, which 
becomes white and bright 
when rubbed. 



346. TABLE II.— COPPEK AND ARSENIC GROUPS. 18 

Note the colour of the precipitate yielded by HjS : — 



precipitate aluna aftf^ 



ar blact : it may eoiialst of SnS, CuS, HgS, BIjHj. I'bfi , 
bo a small quantity of tlie Diinld and precipitate, ot 
the liquid if poiBltole, aod boil :— 



[a repreclpltaUd. 



of the precipitate 
after adding a Uttla 
— " w Am^, then 



add SCI In 

a yellow preclpl- 

Prrsroa of Sn." 



Armed hy adding 
H^l, to a part of 
tbe original HCt 



The precipitatt doet not digiolve: It may conaia 
n. The itriginaliiiliitxoniablueoT green. Had} 

addiHon of eieeas of \aiBO:—Preicium of Cii . 

dropa of H~30, to tbe original solution, and dip 

blad« or pTeca of ateel. a red tUin of Cm deposit 
fl. Ths origiMi tolutim is coIouriBji. Teat 

Eg, Bl, Fb by tbs following Bpeclal teaU:— 



in uuB. ugB, Bi,Bi, run. 

^uuBrm b; adding s ttv 
ng Into It a bnght knife 

I aeparate portions tor 



itripof Cn; agrey 
film is Blowty de- 
posited, whlcii be- 



Hg- lalt dnring 
aoTntlon In HNOj. 






much cold lUstlUed 
pltate or milkhiaH:-~ 



rate : tUter, pour nae or 
two drops of boUlna HC! 
upon the predpltato. and 
.... .. — ..^._ tiirongh 



a Dim^De> 



H^i a white 

pmolpltate:— 

Framoeo/Pb. 



BoU the preoipitats with NaHO In ei 



ig the liquid II poasllile 



loluCion as directed hi 



Aoldify a portioi 



with HCl. and place 
tn resting on a piece 
: Sq Is deposited on 



The deposit of Bn should be detached 
from the 2n, and disaoWed by boiling It 
In a teat-tiibe v>1tb a little atrong HCl, 
then HgCU added ; a while preoTpltale 
Qonflnna (he premnce qfSitf'- 



Iddlfy a portion with atrong 
HCL Immerse in It aome 

Elecas of bright Cu and 
oU, a hlBok nhn Is de- 



A'oto.— K the yeUow pre- 
pltBte formed hy IM 



only on boiling, J 



3. The precipitate u orans/e-nd : it may uanelet of SbiS] . 

ConUiin by addifylng a portion of the original solution with HC], aod : 

dace ol Zn resting on a slip of platbium fall, a black alain on the platinum (1 

Pretence ofSb. 

ocaasloDally happens, if the solution baa not been snfflolently 

!]->, [_i.„4. E.I. -nu ^..t..n^^ . -..„», ^^ precipitate, bowever. 



.e with Fb-sulution ; such a 
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IRON GROUP — ^ZINC GROUP. [346, 347. 



846. TABLE IHa.— IRON GROUP. 

The colour of the precipitate produced by addition of 
AmCl and AmHO will usually indicate whether it contains 
Fe, Al, Cr; the following tests may be made in confinna- 
tion. 

To a portion of the original solution add KHO gradually 
until a precipitate has formed (see Note below Table), then 
add KHO in excess and stir well, one of the following results 
will be obtained : — 



1. A eoUmrlesf gela- 
tinous precipitate 
is produced which 
dissolves in ex- 
cess of KHO to a 
eoUnt/rleM solu- 
tion : the precipi- 
tate reappears on 
gradual addition 
of HCl to the 
KHO solution :— 
Presence of Al. 



2. A paie • green 
gelatinous pre- 
cipitate forms, 
which dissolves 
in excess of KHO 
to a green solu- 
tion ; when FbOs 
is added to 
this green solu- 
tion and the 
liquid is boiled 
and th^ acidified 

with HA, a yellow 

Srecipitate is pro- 
uced : — 
Presence of Cr, 



8. A reddish- 
Inroton precipi- 
tate forms, inso- 
luble in excess 
of KHO. Add 
KCyS to the 
original HCl 
solution, ablood- 
red coloration :— 

Presence ofFef". 



4. A dingy-green 
precipitate 
forms, insoluble 
in excess of 
KHO, the pre-, 
cipitate if filter- 
ed off and ex- 
posed to the air 
gradually be- 
comes brown :— 

Presence of F^. 



Note, — if a colourless gelatinous precipitate has been produced by 
AmCl and AmHO, and is not produced by addition of KHO, a silicate 
is probably present Its presence is confirmed by fusing the solid 
substance in a bead of NaAmHP04 (293); or by evaporating the acid 
solution to dryness, a residue insoluble in acid is SiO,, and may be 
tested by the bead as directed above. 



847. TABLE IIIr— ZINC GEOUP. 

Tbe colour of tbe precipitate produced by addition of 
AnigS or of HgS to the alkaline solution will distinguish Zn 
or Mn from Ni, Co, and Fe, and will usually distinguish 
Zn and Mn also from one another. See a and h below : — 

a. If the precipitate is ligM in colour , add to some of the original 
solution KHO gradually until a precipitate forms, then add KHO in 
excess. A white precipitate, dissolving in excess of EHO and repre- 



348, 349. EXAMINATION FOR ACID-RADICLE. 
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cipitated by addition of HjS proves presence of Zn, A whiie or 
brownish precipitate, insoluble in excess of KHO and gradually turning 
dark-brown when filtered ofif and exposed to the air shows presence 
of Mn, 

h. If the predpUate is black it will consist of either CoS or NiS or 
possibly of FeS ; the distinction of the metals Ni and Co by the 
colour of their solutions — Ki being green, Co pink — and by the 
colours they impart to the borax bead is quite simple. FeS is only 
precipitated here from a diliUe solution of a ferrous salt : Fe" is 
best detected by (346). 



348. TABLE IV.— BAKIUM GKOUP. 
Dip a loop of platinum wire into the original solution or 
into the HCl solution of the precipitate produced by AnigCOg, 
and hold the wire in the Bunsen flame. If the flame colora- 
tion thus obtained is not decisive, employ the tests placed at 
the foot of each column as confirmatory : — 



A yeUmoish-greenfiame:- 
Preaence of £a . 

Confirmatory. -AAA CaS04 
to a perfectly cold por- 
tion of the HCl solu- 
tioD,aprecipitate forms 
immediately. 

Note.— A brilliant green 
coloration may be pro- 
duced by H3BO3. 



A crimson flam>e, appear- 
ing deep red tnroogh 
the indigo-prism : — 
Presence 0/ Sr. 

Confirmatory. -X<AA Qe&O^ 
to a perfectly cold por- 
tion of the HCl solu- 
tion, no Iprecipitate is 
produced, but a pre- 
cipitate appears im- 
mediately on boiling. 



A red fiamve, appearing 
dingy-green through 
the indigo-priBm : — 
Prewnceof Ca, 

Confirmatory.-Add CaS04 
to part of the HCl solu- 
tion and boil ; no pre- 
cipitate. To the rest 
add AmHO in excess, 
and Am2C204 : a white 
precipitate forms. 



EXAMINATION FOE THE ACED-EADICLE. 

349. If the acid-radicle has not been found already in the 
Preliminary Examinations (3 3 5-3 3 8a), or during the Examina^ 
tion for the Metal (341, 343) or elsewhere, it must be tested for 
as directed below. Since the solubility of the substance (332), 
and the metal it contains are known, much trouble is usually 
saved by referring to the " Table of Solubilities " (455-458). 
Thus a salt of the metal found, which is insoluble in water, 
cannot be present if the substance is soluble in water or is a 
neutral Hquid : and an insoluble salt cannot be present in an 
acid solution or in a substance which is soluble in acid& 



186 EXAMINATION OF A SIMPLE SUBSTANCE [350, 351. 

For tlie tests given below, use separate portions of the 
original substance : try the tests in succession until an acid- 
ladicle is found. 

350. Acidify a portion of the liquid, or if a solid dissolve 
it, with dHute HCl and add BaCl^. K Pb, Hg', or Ag has 
been found acidify with HNO3 *^^ ^^ jBa(N03)2, since HCl 
and chlorides would precipitate the above metals as chlorides. 
A white precipitate foniis which does not disappear on boil- 
ing : — Presence of a sulphate, 

SSL Acidify a portion of the liquid, or if a solid is being 
examined dissolve the solid, with dilute HNO3 ; filter off any 
precipitate or residue which may form, and add AgNOg 
solution : a precipitate forms, which does not disappear on 
warming. Note the colour of the precipitate ; and according 
as it is white, yellow, or orange, examine it by 1, 2, or 3 : — 



1. 7Ae precipitate is white ; it may consist of AgCl, AgCy, Ag4FeCye, or 
AgOsf(. Make a portion of the original solution just acid with HCl, then 
add Fe^CU :— 



A deep blue precipitate : 
Presence of a ferrooyamde. 



A blood-red coloration : 
Presence of a sulphocyanide. : 



If Fe^Cls has yielded neither a precipitate nor coloration, indicating absence 
of a ferro- and sulpho-cyanide, decant the liquid from the precipitate 
caused by AgNOs, pour upon the precipitate some strong HNO3 and boil : 



The precipitate remains 

undissolved : 
Presence of a dUoride. 



The precipitate dissolves : 
Presence of a cyanide. 
Confirm the presence of a cyanide in a portion of 
the original solution by boiling it with FeS04, 
FcsCle, and KRO, and acidifying with HCl: a 
blue precipitate : Presence of a cyanide. 



2. The precipitate is yellow, and may consist of AgBr 

or Agl. 
Test some of ^the original solution for an iodide by 

adding to it starch solution and KNO2 solution, 

then acidifyhig (if not acid) with HCl : a deep blue 

coloration : 

Presence of an iodide. 

If an iodide is not thus detected, add to another por- 
tion of the original solution several drops of CI 
water ; if tilie liquid becomes yellow, and on being 
shaken with CS2 colours that liquid reddish-brown, 
it shows : 

Presence of a bromide. 



3. Orange-red preci- 
pitate. 

Make a portion of 
the original solu- 
tion just acid with 
HCl, then add 
FeS04 solution; a 
deep blue preci- 
pitate shows : 

Presence of a ferro- 
[cyanide. 
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NgU. — If Hg has been found, HgCyj may be present, notwithstand- 
ing the formation of no precipitate with AgNOg. If not already 
detected in (333 I.), refer to (306, note 2, p. 161). 

352. Acidify some of the original liquid, or if it is a solid 
dissolve it, with dQute HNO3 > ^^^ ^ necessary, add a small 
quantity of this acid solution to some AmHMoO^ solution, 
stir well and warm gently : — 



A yellow precipitate shows : — 
Presence of a phosphate. 



If no precipitate forms heat to 
boiling, the formation of a yellow 
precipitate shows : — 

Presence of an arsenaie. 



The presence of a phosphate or arsenate may be confirmed by dissolv- 
ing the yellow precipitate, separated by filtration or decantation, by 
pouring upon it a little AmHO ; on adding to this solution AmCl and 
MgS04, a crystalline precipitate will form which is to be filtered off 
and washed with a little cold water : several drops of AgNOg solution 
are poured upon this precipitate on the filter ; if it becomes yellow a 
phosphate is present, if hrovm an arsenate is present. The presence of 
an arsenate is further confirmed by a yellow precipitate (As^Sg) appear- 
ing with HgS when the liquid is boiled. 

353. Acidify a portion of the original liquid, or if a solid 
stir it, with HCl ; dip into this solution a piece of turmeric- 
paper, and dry the paper at a gentle heat ; if the paper be- 
comes reddish-hrovm when dry, and changes to dingy-green or 
hltL&-hlach when moistened with AmHO, the presence of a 
borate is shown. 

354. The acid-radicles, (me of which may still be present, 
are "T, "C2O4 and 'F. If the metal fotlnd belongs to 
Groups I., II., III., or IV., the examination for one of these 
radicles must be begun at (356), if the metal present is K, Na 
or NH4 examine by (355). 

355. Make the solution just alkaline with AmHO, then 
add CaClg solution in some quantity, shake well and let 
stand if no precipitate forms at once : the preliminary- 
examination (337) will usually have indicated which of these 



188 EXAMINATION FOE THE ACID-RADICLE. [356. 

acid-tadiclea is preaent, and thus show according to 'which 
of the three columns below the precipitate is to be further 
tested:— 



I. A cryttaUiTu 
pearing nfter . 



predpltate, Hi a little w; 
and a linglfl drop o( Am 

A^«, ana Z?ra y7i^ c 
liO^: a lalrrur Is fon 
boluw the orvstal, preinc 
a tarirale. IUla teat maj 



atlDU by ms). 
I Bcldltylas a 



nantna ori«inal aolntion w' 
UA and addJDg alcohol a 
gX (ualeas K or NH, ) 

■tuice), Kod Btlniog or thi 
lug wall, the rormatlon ol 
cryAtalllnc precipitate sho 



pitale utowa 



The preiencs ol an oXBlatB. 
alreadj iDdiouted by the 
test in (3S7, 6), mast Iw 
conflnned either by warm- 
ing soma of the original 
substance with MnO, and 
HjSO,, and leaUng lor 
CU, gat laiff) : or by the 
more tediouB raethod of 
fllCfirlog off and drying 



a Jluaride, 
Confirm by fllteiing 
□I thepracipil 



natch glaaa (WB). 



3S6. An oxalate or fluoride of Ba, Sr, Ca, or Mg will 

have been abeady detected. A tartrate of any one of theae 
metals is found by gently heating the ftnety powdered 
substance if it is solid, or the neutral solution if a liquid, 
with vejy dilute AmHO and a crystal of AgKOj : the forma- 
tion of a mirror shows presence of a tartrate. If a metal of 
Groups L, II., or III. has been found, the metal must be 
separated before testing for the acid-radicle. 

If the metal belongs to Group I. or IL, make the original 
solution jnat acid with HCl, and add H^S-solution or pass 
HjS (500 a) into the liquid for about five minutes ; filter off 
the precipitate and add more H^S to the filtrate, if no 
more precipitate forms*, boil in a porcelain dish until the 
liquid ceases to smell of H^S, and examine by (355). 



* If any fnither precipitate forms add mors of the reagent, filter, and 
test again by adding mora of the reagent ; this addiOon of reagent, flltm- 
tian, and testing the filtrate ie repeated until no Cnrtber precipitate fonns 
on addition of the reagent to the filtrate. 



357, 358.] EXAMINATION OF GROUP m.A. 18& 

If the metal belongs to Group IIL add AmCl, AmHO till 
alkaline, then AnigS : boil and filter, add to the filtrate Am2S 
if no more precipitate forms (see footnote, page 188), add bS 
in excess, boil, filter off S if necessary, and examine by 
(355). 

Note, — If no acid-radicle can be found in any quantity 
and the substance is not metallic in appearance, it is probably 
an oxide or a sulphide ; most sulphides yield a sulphate or 
sulphuric acid when boiled with strong HNOg, which may 
be detected after dilution by (350); an oxide may often be 
known by its colour (see footnote, page 170) or by some other 
special property or test, e.g, MnOg by evolving CI when 
heated with HCl, Pb304 by leaving brown PbOg when 
treated with dilute HNOo . 



EXAMINATION OF GROUP IILa. 

367. The precipitate formed by addition of AmCl and 
AmHO to the solution of a substance insoluble in water may 
consist of AlgHog, FogHog, CrgHog; or of Fe, Al, Cr, Zn, Mn, 
Ni, Go, Ba, Sr, Ca, Mg as phosphate or oxalate; or of Ba, Sr, 
Ca as chromate or fluoride. The systematic examination of a 
precipitate in Group IILa for these substances is a difficult 
matter; such an examination is however only necessary, when 
an oxalate (337, 5), a chromate (343) or a fluoride (338) have 
been already detected, or when a phosphate is found. If a 
precipitate forms in Group III. a, and the above acid-radicles 
are absent, proceed as directed in (346) : if the above acid- 
radicles are present, the metal, unless certainly detected during 
the Preliminary Examination, must be tested for as directed 
below. 

358. Note the appearance of the precipitate caused by 
AmCl and AmHO, then add Am^S to the liquid and 
precipitate, stir well and note again the appearance of the 
precipitate: examine further by 1 or 2 (page 190). 
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1. T?ie precipitate after addition of Am^ is blacky it may 
consist of FeS, CoS, or MS; the means of distinguishing 
these three metals is given below. Note first the colour 
of the original solution (334, 1). 



a. The colour of the ori- 
ginal solution 1008 
yellow or rtddi^ 
brown: — 
Pre»ence cif Fef" . 
{Ferricum,.) 

This is confirmed by 
the precipitate pro- 
duced by AmCl and 
AmHO in the ori- 
fl^al solution hav- 
uig been pale-yellow 
or reddish • orown^ 
and becoming black 
on addition of Am2S. 

As a confirmatory test 
add to a portion of 
the original solu- 
tion, acidified with 
HCl if necessary, a 
few drops of KCyS 
solution, a blood-red 
coloration is pro- 
duced. 



b.The colour of 
the original 
soluHon was 
pink, or pos- 
sibly blue,be-' 
coning pink 
on dilution : 
Presence of 
Co. 

The presence 
of Co may be 
confirmed by 
adding ex- 
cess of EHO 
to the origi- 
nal solution, 
a blue preci- 
pitate turn- 
ing red on 
boiling shows 
the presence 
of Co. 

Co will also 
have been 
detected by 
its borax 
bead (833, 
IV.) 



c. The colour of the original solution 
was green : — Presence qf Ni or Fef'. 

Note the effect which was produced 
by the addition of AmCl and 
AmHO:— 



A blue solution 
was produced .•^-- 
Presence of Ni . 

The presence of 
Ni may be con- 
firmed oy adding 
excess': of KHO 
to a part of the 
original solution, 
a : light green 
precipit a t e 
shows the pre- 
sence of Ni . 

Ni will also have 
been detected by 
its borax bead 
(383, IV.) 



A dirigy -green pre- 
cipitate, which, 
when shaken 
round in a por- 
celain dish and 
left for several 
minutes exposed 
to the air, be- 
comes brown: — 
Presence of Fe". 
(Ferrosum.) 

Confirm by adding 
EeChr, to some 
of the original 
solution, acidi- 
fied with HCl 
if necessary; a 
dark blue preci- 
pitate is pro- 
duced. 



2. The precipitate, after addition of AmJS, is white or light- 
coloured, — It may consist of CrgHog, AlgHog, ZnS, MnS; 
[ or of BaCrO^, or Ba, Sr, Ca, Mg, as phosphate, oxalate, 
fluoride, silicate, or possihly borate ]. The substances in 
brackets can however only be present if the liquid given 
for analysis was acid in reaction, or if a solid was given 
which was insoluble in water. 

To a small portion of the original solution add KHO drop 
by drop until a precipitate is produced. (See Note below 
the Table.) Note the colour and appearance of this pre- 
cipitate, then add a larger quantity of KHO and stir or 
shake well ; one of the f oUojving results (a or b) will be 
noticed :— 
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a. The precipitate at first prodticed by KHO r&dissolvea when 
the KHO is cuMed in larger quantity; indicating the pre- 
sence of Al, Zn, or Cr. Note the appearance of the pre- 
cipitate: — 



A pale green floceuient precipi- 
tate : — 

Presence of Cr. 

Confirm by boilinpc some of the 
green KHO solution with lead- 
peroxide (PbOA a yellow liquid 
is obtained, which, if decanted, 
yields a yellow precipitate on 

addition of HA in excess. 

The colour of the solution and of 
the borax bead will idso haye 
detected Cr . 

Note.—Jf the Cr was present as 
a chromate, AmCland AmHO will 
have yielded no precipitate ; but 
there will have been a green pre- 
cipitate on addition of AmjS and 
heating. 



A vfhite precipi- 
tate, vmich is 
re -predpitcUed 
from the KHO 
solution, by ad- 
dition of a few 
drops of H^S- 
water but is 
not re-precipi- 
tated by addi- 
tion of AmCl : 
Presence of Zn . 

Confirmed by no 
precipitate hay- 
ing been pro- 
duced by .AinCl 
and AmHO, but 
a white precipi- 
tate by adoi- 
tion of AmJS, 
or of HoS after 
AmHO. 



A white floccvlent precipitate, not 
repredpitated from the &H0 
solution by {addition of a few 
drops of HgS-water or by boil- 
ing, but reprecipitated immedi- 
ately if Bumcient AmCl solution 
is added :— 
Presence of Al (see Note). 

^ote.— AIPO4 is precipitated 
here also, and is soluble in KHO, 
but differs from AljHo* in being 
reprecipitated from the KHO 
solution by addition of excess of 

HA; if PO4 has been detected 
the analysis is finished. AIPO4 
is soluble only in acids, hence 
the original liquid must* have 
been acid or the original solid 
substance insoluble in water. 



iVofe. —Sometimes a floccolent precipitate is produced on adding 
AmCl and AmHO to the original solution, and yet no precipitate is 
produced by KHO ; this renders probable the presence of an alkaline 
silicate. In this case evaporate a portion of the solution to dryness with 
HCl ; warm the residue with HCl : if any insoluble residue is left, the 
presence of a siliccUe is proved ; filter and test the filtrate for K or Na. 



h. TJie precipitate at first prodticed by KHO does not redissolve 
on addition of more KHO ; the precipitate will have one 
of the following appearances : — 



A white or dir^fy-yellow pre- 
cipitate, rapidly darken- 
ing when sJuLken in the 
air : — 

Presence ofMn. 



Confirmed in the prelimi- 
nary examination by pro- 
ducing a green mass when 
fused with NajCO* and 
KI^Os, and by no precipitate 
haying been produced on 
addition of AmCl and 
Am SO, unless the solution 
was exposed for some time 
to the air. 



A pale yeUow precipitate, 
not darkening in the air: 
this precipitate will also 
haye been produced by 
AmCl and AmHO and its 
colour will not haye been 
altered by addition of 
AmaS:— 
Presence ofBaCrOi . 

Ba has been already con- 
firmed by the flame colcHit- 
tion (888, II.), and a chro- 
mate by the change of 
colour of the orange-red 
liquid to green on adding 
H2S (843). 



A white precipitate, not 
darkening in the air ;— 

Presence of Ba, Sr, Ca, or 
Mg as phosphate, oxalate. 

Pass on to (8i9). 

Note.—T!tiiA precipitate 
can only be formed u tiie 
original solution was acid. 
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869. The precipitate may consist of Ba, Sr, Ca, or Mg as 
phosphate^ oxalate, horate*^ fluoride^ or silicate. 

Examine for the metal and acid-radide as directed below, 
working through the columns from left to right, unless the 
presence of a phosphate (339), oxalate (333, I. 4, or 337, 6), 
borate (334, V., or 333, IL, of 338 a), or fluoride (338), has 
been already proved, in which case proceed at once to 
examine according to (360), or by column 1, or 2, or 3 below. 

If this precipitate is proved to contain a phosphate, oxalate, 
borate, fluoride, or silicate, the further examination for an 
acid-radicle becomes unnecessary. 



1. AddAmHOin 
excess to a por- 
tion of the 
original solu- 
tiont, filter, 
dry the precipi- 
tate and heat a 
portion of it to 
a dull red heat 
for several 
minutes on 
platinum foil. 

Place the foil in 
a test-tube and 

S)ur a few 
*ops of dilute 
HCl upon it ; 
if the residue 
dissolves with 
eflfervescence, 
it shows the 
pretence of an 
oxalate, 

Test this HCl so- 
lution for Ba, 
Sr, Ca, Mg, by 
(339). usin^ it 
as tne origmal 
solution. 

If the ignited pre- 
cipitate does 
not dissolve 
with efferves- 
cence, pass on 
to column 2. 



2. Stir some of 
the precipi- 
tate produced 
by AmHOt, 
column 1, on 
a watch glass, 
with a little 
water to which 
a few drops of 
HCl have Deen 
added, imtil 
the precipitate 
is dissolved. 
Dip into the 
liquid a slip of 
turm eric 
paper, and dry 
at steam heat ; 
the slip ap- 
pears reddish- 
broum, and be- 
comes dingy- 
green when 
m ois tened 
with AmHO :-- 

Presence of a 
borate. 



Examine for the 
metal present 
by (361). 



If a borate is not 
found, proceed 
to column 3. 



3. Place another 
portion of the 
precipitate 
produced by 
AmHOf, co- 
lumn 1, in a 
leaden cup or 
platinum cru- 
cible, add 
strong H2SO4 
and warm 

gentlv, cover- 
ig uie vessel 
with a watch 
glass, which 
has been coated 
with a film of 
wax and has 
had characters 
traced with a 
sharp point 
through the 
wax (296) ; 
the glass s 
etched:— 
Presence of a 
fluoride. 



Examine for the 
metal present 
by (361). 



If no fluoride is 
found, proceed 
to column 4. 



4. If phosphate 
oxalate, borate 
and fluoride 
have been 
proved to be 
absent, a sili- 
cate is probably 
present. 

Test for it 
par. 361. 



360. Examination of a phosphate — Explanation of MetJwd. — In 
order to detect Ba, Sr, Ca, or Mg present as phosphates, the PO4 

* Borates of Ba, Sr, and Ca, are rarely precipitated in Group III., since they are 
soluble in the AmCl formed on adding AmHO to the HCl solution. 

t If a solid is being examined, a portion of the original solid is employed for 
this test, instead of the precipitate produced by AmHO in the HCl solution. 
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must be removed from the solution and the metal left as chloride. This 
is effected by neutralising all HCl and leaving the solution acidified 
only by free HA ; by gradv/il addition of FcjClg and boiling, all PO4 is 
precipitated as FeP04 which though soluble in HCl is perfectly insol- 
uble in HA. On filtering, FeP04 remains upon the filter, and the 
filtrate contains the metal (Ba, Sr, Ca, or Mg) as chloride, and is 
perfectly free from phosphate. 

Method, — ^Add to a portion of the cold original solution 
AmHO drop by drop, whilst constantly shaking the liquid, 
until a slight precipitate is formed which does not disappear 
by shaking ; then add HA and NaA solution, and drop in 
FegClg until the liquid after being well shaken has a brown or 
red colour ; boil and filter immediately. The precipitate is 
thrown away. To the filtrate AmCl is added, then AmHO 
until it is just in excess, boil and filter ; the liquid or filtrate, 
which must smell strongly of NH3, is then tested for Ba, 
Sr, Ca, and Mg by (339), this liquid taking the place of the 
original solution. 

If any precipitate is formed by AmjCOs, it must be well washed 
several times with boiling water to remove Na, since else the intense 
yellow coloration of Na would mask that of Ba, Sr, or Ca. 

361. A portion of the original substance is placed in an 
evaporating basin, which is then nearly filled with dilute 
HCl, and the liquid is entirely boiled away ; the dish is once 
more filled with acid, and again evaporated to dryness : the 
residue in the dish is then warmed with dilute HCl, and 
filtered if any residue is left : — 



Solution : the HCl solution is examined for 
Ba, Sr, Ca, Mg by (339), this solution 
being treated as is there directed for the 
original solution. 



Besidtie: if any resi- 
due remains' in- 
soluble in HCl, it 
proves : — 

Presence of a silicate. 



The evaporation to dryness with HCl removes HsBOg and HF, 
which volatilise, whilst SiOg is left insoluble in HCl and therefore 
remains as an insoluble powder on afterwards warming with HCl ; 
this residue of SiOg also remains, however, if HF was present, being 
caused by the corrosion of the dish ; since however HF if present has 
already been found, no notice will then be taken of the residue. 
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THE SUBSTANCE POSSESSES METALLIC 

LUSTEE. 

866. This sIiqws the probable absence of an acid-radicle. 
The only non-metallic elements likely to be present are free 
carbon as graphite, free iodine, or combined sulphur, since 
several sulphides are decidedly metaUic in appearance*. The 
presence of the metals Ni, Co, Fe in the free state, and of 
FogO^, may be shown by the substance being attracted by a 
magnet. Pb, or graphite, will be recognised by marking 
paper when rubbed upon it, as a black-lead pencil does : the 
mark due to Pb disappears if wetted with dilute HNOg . 

Prbuminary Examination. 



k 



Experiment. 



I. Heat a portion of 
the substance in 
a smaU ignition- 
tube (10). 



II. Heat a portion 
in the inner blow- 
pipe flame in a 
cavity scooped 
on a piece of 
wood-charcoal. 



III. Place a portion 
of the substance 
in a piece of hard 
glass tube open 
at both ends, and 
heat it strongly 
in the Bunsen 
flame, and after- 
wards in the 
i)lowpipe flame if 
necessary. 



Observation. 



1. A black lustrous mirror forms 

2. A yellow sublimate forms, melting, 
when heated, to brown drops . 

3. Violet vapour is given off, condens- 
ing to black scales on the sides of 
the tuf!>S 

If the substance sublimes entirely 
in violet vapours .... 



1. Smell of garlic .... 

2. If an incrustation forms, refer to 
par. (333, V.) where in the second and 
third column will be found the ap- 
pearance of the incrustation and the 
metal whose presence it indicates. 

8. Smell of burning sulphur 
4. A green flame coloration 



1. A gas is evolved from the upper 
end which smells of burning sul- 
phur and turns a piece of filter- 
paper moistened with K2Cr207 solu- 
tion green 

2. The substance bums completely 
but slowly away, glowing when 
strongly heated. This effect is best 
seen by heating it strongly en Pt- 
f oil by directing the blowpipe flame 
on the under surface of the foil . 






Inference. 



Presence of As. 
Presence of S. 



Presence of I. 
Iodine alone is pre- 
sent. 



Presence of As. 



Presence of S. 
Presence of Cu. 



Presemse of S. 



Presence of C. 



* The most common sulphides which possess metallic lustre are * * copper 
pyrites," and **iron pyrites," which resemble brass in appearance: and 
'* galena," resembling lead. 
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After completing the preliminary examination proceed as 
directed under (332). 

'No acid-radicle need be tested for except S : a portion of 
the substance is dissolved in strong HNO3, *^^ ^^^^ diluting 
with water HgSO^ is tested for by BaClg: if a white pre- 
cipitate forms insoluble on boiling, it confirms the presence 
o/S, 



THE SUBSTANCE IS INSOLUBLE BOTH IN 
WATEK AND IN ACIDS. 

367. It may consist of any one of the following substances, 
those included in brackets being less likely to occur than the 
others, since they are soluble in sufficient water or acid on 
heating. As will be seen below the colour serves to give 
some notion as to what substance is present. 

1. White: BaSO^, SrSO^, (CaSO^), PbSO^, (PbCl)2, AgCl*, 

SiOa, (AI2O3 ignited), SnOg, &\0^, S\0^, CaFg . 

2. Dark-coloured: ignited FcgOg (dark-brown or black), 

ignited CrgOg (dark-green), FeCrgO^ and ignited 
PbCr04 (dark-brown), C (black). 

3. Yellow: S, AgBr*, Agl*, (Pbig). 

An insoluble silicate may also be present. 
For a fuller description of these substances see (475). 
According to the colour of the substance examine it by 
(368 or 369). 

368. TJie substance is white. If sufficient substance is at 
hand try the following preliminary tests, if not, proceed at 
once to (368 a). Pour upon a small portion a drop of AmgS; 
if it blackens the presence of Pb or Ag is probable, if it 
becomes yellow or orange-red the presence of Sn or Sb is 
probable ; pass to test III. in the following Table. 

If no change of colour is produced by AnigS, try tests I 
and II. 

* Darkens quickly in sunlight, and slowly in ordinary daylight. 
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Experiment. 


Observation. 


Inference. 


t 

I. Moisten a clean loop 
of platinum wire, im- 
merse it in the powdered 
substance, and heat the 
adhering powder for a 
short time strongly in 
the inner blowpipe 
flame; moisten the loop 
with a drop of strong 
HCl, and hold it hi the 
Bunsen flame 


A yeUowish-green flame. 

A criwrson flame, appear- 
ing deep red through the 
indigo-prism. 

A reddish flame, appear- 
ing dusky green through 
the indigo- prism. 


PreaeTuse qf £a.> 
Presence 0/ Sr. 
Presence ofCa.j 


Test for 

- SO4 by 

Exp. II. 


II. Fuse a portion of the 
substance, mixed with 
NasCOs in flne powder, 
in a cavity scooped upon 
apiece of wood-charcoal, 
in the inner blowpipe 
tasmby produced from a 
spirit-Mmp fia me. 


The cooled mass, if de- 
tached from the char- 
coal, placed upon a 
bright silver coin, and 
moistened with water, 
gives, when crushed with 
the blade of a knife, a 
black stain. 

• 


Presence of a sulpJuUe. 

Note.—tl SO4 is not 
found, test for F by (338 
or 296), or examine the 
substance by (368 a). 


ill. Mix some of the 
finely powdered sub- 
stance with powdered 
NajCOs and KCy, on a 
small cavity made in a 
piece of wood-charcoal, 
and heat the mixture 
in the inner blowpipe 
flame. 

If metallic globules form, 
detach one and strike it 
smartly with the pestle 
on the inverted mortar. 
Also take a globule on 
the point of a penknife 
and try if it marks paper 
as black lead does. 

1 


White metallic malleable 
globules, which mark 
paper, and if dissolved 
in HNOs give a white 
precipitate with HjSO^ ; 
a yellow incrustation is 
also formed on the 
charcoal. 

White metallic maXleable 
globules which do not 
mark paper ; they dis- 
solve in HCl, the solution 
giving a white precipi- 
tate with HgCls . 

White metallic bnttle 
globules, which, if dis- 
solved in boiling HCl, 
give an orange-red pre- 
cipitate with H2S: white 
incrustation. 

White scales, no incrus- 
tation: the metal is 
hisoluble in HCl, and if 
dissolved in HNOs gives 
no precipitate with 
H2SO4 but a white pre- 
cipitate with HCl ; the 
onginal substance is 
instantly blackened by 
a drop of Am^, and is 
dissolved on being 
warmed with AmHO . 


Present qfPb as chloride, 
sulphate, or chromate. 
Refer to the Note below 
this Table. 

Presence o/SnOo . 
Presence ofSh^Oi orSh^O^ . 

Presence 0/ AgCl. [See 
also (368 a).] 



Note. — Boil some of the substance with much water, add HNO3 and 
AgNOg, a white precipitate shows presence of PhCl^ . 

Test for chromate by fusing in a porcelain crucible with NagCO^ -f 
K2CO3 ; a yellow mass on cooling aliow8 presevice ofPbCrO^, 

The presence of PbS04 may be proved by test 11. , and by pouring 
upon the original substance HA then excess of AmHO, and boiling :- 
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the substance will dissolve : acidify a portion of the solution with HA, 
^nd add K2Cr04, a yellow precipitate : Presence of Ph. Acidify another 
portion with HCl, and add BaClj a white precipitate insoluble on 
boiling. — Presence of SO^ . 

If none of the substances mentioned in the above Table 
have been detected, test for AlgOg by heating the substance 
strongly on charcoal in the outer blowpipe flame after mois- 
tening it with Co(NOg)2 solution, a blue mass shows presence 
ofAl^O^. 

K AlgOg is not found fuse some of the substance in a clear 
bead of NaAmHPO^, it floats undissolved: — Presence of 
Si02, or a silicate. Proceed to (368 a). 

368 a. Fuse a portion of the finely powdered substance, 
mixed with two or three times as much fusion mixture, for 
several minutes on a piece of platinum foil (or if Pb or Ag is 
present, in a porcelain crucible) in the blowpipe flame ; boil 
the cool mass with water, filter and wash the residue. 

Examination of the undissolved residue. — Heat the residue 
with dilute HNOg, if it is not dissolved in a short time, 
decant and keep the HNO3, and heat the residue with a small 
quantity of dilute HNO3 and HCl mixed : if the residue is 
still undissolved it has been insufficiently fused. 

The acid solution is then examined for the metal by (339). 

Examination of the water solution. — When the metal pre- 
sent has been detected, it will usually be possible to limit the 
number of acid-radicles which need be tested for by referring 
to the list in (367). Tests are given below for all acid-radicles 
likely to occur in insoluble substances. Separate portions of 
the water solution are to be used. 

Sulphate : acidify a portion with HCl and add BaClg : a 
white precipitata 

Chloride : acidify a portion with HNO3 and add AgNOg, 
a white precipitate easily soluble in AmHO. K the precipi- 
tate has a yellow tinge and is not easily soluble in AmHO, 
add to a fresh portion of the water solution dilute Cl-water 
drop by drop, shaking well between each addition, a brown 
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coloiation of the CSg shows a bromide, a violet coloration an 
iodide. 

Silicate : make a portion acid with HCl and evaporate to 
perfect dryness, if on warming with dilate HCl an insoluble 
residue is left, this proves the presence of silica or a silicate. 

Fluoride : acidify with HA and add CaCl^y ^ gelatinous 
white precipitate forms. Confirm by tests (338 or 296) tried 
on some of the original substance. 

369. The substance is dark-coloured. (See 367, 2.) 
Place some of the substance on a piece of platinum foil and 

heat the foil strongly on its under surface by the blowpipe 

flame: — 



The tubttanee burru avfay 
rioufly but completely :— 

Pretence cf C. 



The mbstanee does not bum away; place upon it 
three or four times as much powdered KajCOs 
and KNOs, and fuse for some time :— 

1. The substance dissolyes, forming a yellow mass 
when cold :— Presence of Cr^Os • 

2. The substance remains undissolved as a dark 
brown i>owder, and the mass on cooling is 
white :— Presence of Fe^i*. Confirm by boil- 
ing the mass with water, filtering and fusing 
the brown residue into a borax bead (100). 



ITie substance is yellow (367, 3). 

Heat a portion of it strongly in a small ignition-tube ; one 
of the following results will occur : — 



It fuses and stiblimes, the subli- 
mate being yellow and melting 
to reddish-Drown drops when 
heated: — 

Presence of S. 
Note.— It the substance sublimes en- 
tirely it consists only of sulphur. 



It fuses but does n>ot sublime. 

Examine a portion of the sub- 
stance for Ag and Pb and for 
Br and I by (368 a). 



* FeCra04 shows both reactions 1 and 2, since it contains both Fe 
and Or. 



EXAMPLES OF ENTRY. 
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ANALYSES OF SIMPLE SALTS, SHOWING HOW 

TO ENTEK EESULTS. 

A. Liquid given for analysis. 

Preliminary Examination for the Metal. 



Experiment. 


Observation. 


Inference. 


1. Noted the coloiur of the 
Uquid. 

2. Dipped into it a piece 
of blue litmus-paper. 

3. Evaporated a few drops 
slowly upon a watch 
glass. 

Ignited the residue 
strongly. 

4. Added KHO solution 
and boiled. 

5. Dipped a loop of pla- 
tinum wire ' into the 
solution and held it in 
the flame. 

6. Dipped a clear borax 
bead into a portion of 
the residue from 3, and 
fused in the outer and 
inner blowpipe flame. 


Blue. 

The paper was turned 
red, but on addition of 
NasCOa no efferves- 
cence occurred. 

Pale blue residue left. 

Blackened without smell 
of burning. 

No smell of NH3. 

• 

Bright green flame; on 
moistening the wire 
with strong HCl and 
again holding it in the 
flame it gave a blue 
coloration. 

In outer flame the bead \ 
was green whilst hot, ( 
bliie when cold. V 

In inner flame it be- 1 
came colourless. ) 


Presence of Cu. 

Presence of a salt with 
acid reaction. 

Presence of some dis- 
solved solid. 

Absence of organic acid- 
radicles. 

Absence of NH4. 

Presence of Cu. 
Presence of Cu. 



Preliminary Examination for the Addrradicle. 



Experiment. 


Observation. 


Inference. 


1. Added dilute HjSOf 
and warmed. 

2. Added strong H2SO4 
and warmed. 


No gas was evolved. 

No gas was evolved. 
Andno red fumes on add- 
ing Cu clippings. 


Absence of carbonate, 
sulphite, sulphide, and 
nitrite. 

Absence of chlorate. 

Absence of nitrate. 
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Examination for the Metal, 

To a portion of the liquid added HCl: — 



No precipitaie. 
Absence of Group I. 



Added strong H^S-water :- 



A hrownish-hlack precipitate. Presence of Sn", 

Hg", Bi, Pb, or Cu. 
Allowed the precipitate to settle, poured off as 

much of the liquid as possible and boiled the 

precipitate witn excess of NaHO, it remained 

undissolved. 
Since the original solution was blue, a clean knife 

blade was dipped into a portion of it acidified 

with HjS04, red copper was deposited on the 

steel: — 

Presence of Cu. 



Examination for the Acid-radicle, 

Added HCl and BaClg; a white precipitate was produced 
which did not disappear on hoiling : — Presence of sulphate. 

Found Cu, SO^, 



B. Liquid given for analysis. 
Preliminary Examination for the Metal. 



Experiment. 



1. Noted the colour of 
the liquid. 

2. Dipped red litmus- 
paper into the liquid. 

3. Evaporated a few 
drops to dryness upon 
a watch glaias. 

Ignited the residue 
strongly. 

4. Boiled a portion with 
excess of EHO. 

6. Dipped a loop of pla- 
tinum wire into the 
solution, and held it in 
the Bunsen flame. 

6. Dipped a clear borax- 
bead into the residue 
from 8, and fused in 
the outer and inner 
blowpipe flames. 



Observation. 



light yellow. 



It was turned faintly 
blue. 

A yeUow residue re- 
mained. 

No blackening. 



No smell of KH3. 



A pale violet flame, ap- 
pearing crimson 
through the indigo- 
prism. 

Outer flame: hrown^ 
hot ; green, cold. 

Inner flame : green, 
hot and cold. 
Brovm colour not 
reappearing in the 
outer flame. 



Inference. 



Presence of a neutral 
chromate. 

Probable presence of an 
- alkali-salt. 

Presence of some dis- 
solved solid. 

Absence of organic acid- 
radicle. 

Absence of NH4 . 



Presence of E , 



Presence of Or as a 
chromate. 
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Examination for the Metal, 

Since the liquid was alkaline in reaction, added to a small 
portion of it a few drops of HN'Og until it became acid, this 
produced no precipitate. 

To another portion added HCl, the liquid turned from yellow 
to orange-red, indicating presence of a neutral chromate: — 



No 

precipitate. 

Absence of 

Group I. 



Then added HjS-water and warmed : 



The liquid be- 
came green, 
and white 
S was de- 
posited : 

Presence of a 
chromate. 



To another portion of the original solution added AmCl, then 
AmHO, no precipitate formed : then added AmjS and boiled : 



Xo precipitate ia the cold, 
but on boiling a green 
flocculent precipitate gra- 
dually formed, evidently 
consisting of Cr2Ho6 re- 
duced from the duromate. 



Added to another portion of the 
L solution AmCl, AmHO, and 
AmjCOs : 



No precipitate. 
Absence of 
Group IV. 



Added to the 
same portion 
Ka2HP04 and 
stirred: 

No precipitate. 
Absence of Mg. 



Since K was found by the flame coloration in the pre- 
liminary examination, its presence was confirmed by stirring 
a portion of the solution, to which a few drops of HCl had 
been added, with PtCl^ on a watch glass; a yellow crystalline 
precipitate forming on the lines rubbed by the rod: — Pre- 
sence of K , 

Found K, GrO^ . 

C. A white crystalline substance given for analysis. 
Boiled a small portion with water; it dissolved completely. 
Preliminary Examination for the Metal, 



Experiment. 



1. Heated in small dry test-tube. 



2. Dipped a loop of moistened pla- 
tinum wire into the powdered 
substance, moistened with strong 
HCl and held in the Bunsen flame. 

3. Heated a small portion in a cavity 
on wood-charcoal in the inner blow- 
pipe flame. 



4. Fused on charcoal in the inner blow- 
pipe flame with NajCOs and KCy. 



Observation. 



The substance gave off red 
fumes and oxygen gas, 
which inflamed a glow- 
ing splinter of wood. 

It left a|yellow residue. 



A pale blue flame. 

Deflagration occurred. 

A white malleable globule 
remained which easily 
marked paper. A 
yellow Incrustation. 

Same result as with 3. 



Inference. 



Presence of a nitrate of a 

heavy metal. 
Presence of Pb, Sn, or Bi. 



Presence of As, Sb, Pb. 

Presence of a nitrate or 
chlorate. 



Presence of Pb. 
Presence of Pb. 



A 
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EXAMPLES OF ENTRY 



Examination for the Metal in Solution. 

Boiled a portion of the powdered substance with water, 
cooled, added HCl to a part of the clear solution, a white 
precipitate was formed, which disappeared on boiling, bat 
appeared again in the crystalline form on cooling the liquid 
{probable pretsence of Ph). 

Confirmed the presence of Pb by decanting the liquid and 
boiling the precipitate with AmHO, it remained white and 
did not dissolve; decanted the ammoniacal liquid, dissolved 
the precipitate in a little HA, and added E^CrO^, a yellow 
precipitate : — Presence of Ph . 

Since a nitrate was found in the preliminary examination, 
its presence was confirmed by adding strong H^SO^ to the 
aqueous solution of the substance, and pouring solution of 
FeSO^ carefully upon the cooled liquid in a test-tube; a 
brown ring formed on the surface of the acid: — Presence of 



NO. 



8 



Also some of the solution when heated with Cu and strong 
H2SO4, evolved reddish-brown fumes : — Presence of NO^ . 

Found:— Ph, NO^. 



D. A white powder, emitting no smelly given for analysis. 

Boiled some of the powdered substance with water, it did 
not dissolve: added a few drops of strong HCl and boiled, 
the substance dissolved completely (absence of Group I.) 
without effervescence. 

Preliminary Examination for the Metal. 



Exi>eriment. 


Obseiration. 


Inference. 


1. Heated in a small dry test-tube. 

2. Dipped a moistened loop of pla- 
tinum wire into the powdered sub- 
stance, moistened the powder with 
strong HCli and held it in the 
Bunsen flame. 

3. Heated a portion of the powder 
strongly on charcoal in the inner 
blowpipe flame. 


No change. 

No flame coloration. 

The substance did not fuse. 

A white luminous residue, 
which when moistened 
on red litmus-paper 
showed an alkaline re- 
action. 


Absence of volatile and 
fusible substances and 
of water of tcrystallisa- 
tion. &ci 

Probable absence of K, 
Na, Ba, Sr, Ca, Cu, &c. 

Absence of alkali salt. 

Presence of Ba, Sr, Ca, 
Mg. 
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Examination of the solution. 

To a portion of the HCl solution added HgS-water; no 
precipitate : — Absence of Group IL 

To another portion of the HCl solution added AmCl and 
AmHO in excess, a white flocculent precipitate : then added 
AnigS, the colour of the precipitate was unchanged. 

To a few drops of the HCl solution added KHO drop by 
drop, until a white flocculent precipitate formed, then added 
excess of KHO and boiled, the precipitate did not dissolve, 
and it did not become discoloured in the air i-^Fresence of 
Ba, Sr, Ca, Mg as phosphate, oxalate^ ^c. 

Added a few drops of the original HCl solution to some 
AmHMoO^ solution in a test-tube, and warmed gently, a 
yeUow precipitate : — Presence of PO^ . 

To another poi*tion of the cold HCl solution added AmHO 
drop by drop until a precipitate formed which did not dis- 
solve when shaken, then added HA and NaA solution until 
this precipitate dissolved when the liquid was well shaken. 
FegClg was added until the liquid appeared red; it was then 
boiled and immediately filtered. To the filtrate AmHO wa& 
added in excess and the precipitate filtered off, then AnigCOg 
was added, a white precipitate formed: — Presence of Ba^ 
Sr, or Ca. 

Filtered and dissolved the precipitate by pouring upon it a 
few drops of boiling HCl ; dipped a loop of platinum wire inta 
the solution, and held it in the Bunsen flame, a reddish flame ap- 
pearing dingy-green through the indigo-prism: — Presence of Oa, 

A few drops of the solution boiled with CaSO^ gave no pre- 
cipitate : — absence of Ba and Sr, therefore the presence of Ca 
was confirmed by adding to the rest of the solution excess of 
AmHO, then AnigCgO^, a white precipitate: — Presence of Ca^ 

Found Ca, PO^. 



E. A white odourless powder given for analysis. 
Boiled a portion of the substance with water, it did not 
dissolve : added HCl and heated again, it dissolved com- 
pletely (absence of Group L) without effervescence. 
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EXAMPLES OF ENTRY 



Preliminary Examination. 



Experiment. 


Observation. 


Inference. 


1. Heated a portion in a 
small dry test-tube. 

2. Held a portion of the 
substance on a loop of 
platinum wire in the 
Bunsen flame ; then 
moistened with HCl 
and agahi held in the 
flame. 

8. Heated on charcoal in 
inner blowpipe flame. 


The substance blackened 
slightly ; it evolved CO. 
which turned a drop of 
lime-water milky. The 
residue in the test-tube 
effervesced with HCl 
whereas the original 
substance did not. 

A red coloration, appear- 
ing dusky-green through 
the indigo-prism. 

A white luminous mass 
remained, which when 
moistened on red lit- 
mus paper turned it 
blue. 


Presence of an organic 
salt of K, Na, Ba, Sr, 
Ca, or Mg . 

Presence of Ca. 

Presence of Ba, Sr, Ca, 
or Mg. 



Examination for the Metal, 

Added to a portion of the HCl solution strong HgS- water. 



No precipitate : — 

Absence of 

Group II. 



To another portion of the HCl solution added 
AmCl then AmHO in excess, a white predjntcUe 
formed ; added Am,S, the colour of the precipi- 
tate remained unaltered. 

To another portion of the solution added KHO 
drop by drop until a precipitate formed, then 
more KHO and boiled ; a white precipitate in- 
soluble in KHO, and not darkening in the air ; 
— Presence of oxalate, phosphate, (Ssc, of alkaline 
earths. 

Since the presence of an oxalate of an alkali- or alka- 
line earth-metal was indicated in the preliminary 
examination, a portion of the original substance 
was heated on platinum foil, then dissolved in 
HCl (effervescence) and to the solution excess of 
AmHO and of AmjCOj was added. The liquid 
was warmed and put aside till the precipitate 
subsided, then the liquid was decanted and the 
precipitate dissolved in a few drops of HCl. 

A platinum wire dipped into this HCl solution 
gave a red flame coloration, appearing dusky- 
green through the indigo-prism : — Presence of 
Ca. [Confirmed by another portion of this HCl 
solution giving a white precipitate with excess 
of AmHO and AmjCj,04 .] 
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The presence of CgO^ was confirmed by heating some of 
the original substance with strong HgSO^ : gases were evolved 
which rendered milky a drop of lime-water, and burnt with 
a blue flame, showing presence of COo and CO : — Presence of 



Found Ca, CJ), 



2^^ 



r. A yellow metallic-looking substance given for analysis. 
Preliminary Examination. 



Experiment. 


Observation. 


Inference. 


1. Heated a portion of 
the substance strongly 
in a smaU tube closed 
at one end. 

2. Heated stronglv on 
charcoal in the inner 

• blowpipe flame. 

3. Heated a fragment 
strongly in a glass tube 
open at both ends, 
and held obliquely 
in the flame. 


A yellow sublimate 
formed which melted 
into brown drops: a 
smell of burning S was 
evolved, and a piece of 
paper dipped into 
K2Cr20T solution when 
placed in the mouth of 
the tube became green. 

A brown residue left. 

strong smell ofbunung S. 
The residue fused into 
a dark-coloured glo- 
bule, which when cold 
was strongly attracted 
by the magnet. 

A gas was evolved with a 
suffocating smell, and 
which turned K2Cr20- 
paper green. 


Presence of S. 
Probable presence of Fe . 

Presence of S . 
Probable presence of Fe 
SO2 from combustion of S . 



Solution of substance. 

Warmed the powdered substance with a mixture of strong 
HNOg and HCl, it dissolved completely ; boiled down in an 
evaporating dish, adding strong HCl several times ; when 
nearly dry, diluted with water. 

Examination of the solution for the Metal. 

Since the substance dissolved entirely in HCl, Group I. is 
absent ; to a portion of the solution added HgS-water : — 
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EXAMPLES OF ENTRY 



The solution be- 
came colourless, 
and white S was 
precipitated : — 

Probable presence 
of a/erric salt. 



To another part of the solution added AmCl, then 
excess of Am HO, a brown flocculent precipitate 
formed, preseTice of F«!": then added Am^S, 
and heated : the precipitate became black, and 
on settling left a yellow solution : — Absence 
o/Ni. 

Confirmed the presence of Fe by adding to a fresh 
part of the original solution E4FeCy0 solution, 
a dark blue precipitate : Presence of Fe", 



Confirmed the presence of S by adding to a part of the 

original solution BaCl^, a white precipitate formed which did 

not disappear on boiling : — Presence of SO^ derived from 

oxidation of srdphKr, 

Found Fe, S, 



G. A iohite powder yicen for analysis. 

Boiled a small portion with water, it did not dissolva 

Boiled another portion with HCl, it did not dissolve : 
added HNO3 and heated again, the substance was not 
dissolved. Hence the substance is insoluble in water and 
in acids, and since it is white, it can only be BaSO^, SrSO^, 
(CaSC)^), PbSO^, (PbClo), AgCl, SiOa, AI2O3, SnOg, Sb^^, 
or CaFg. 

Poured AnigS upon some of the substance : its colour was 
unchanged, probable absence of Pb, Ag, Sn, Sh. 

Preliminary Examination, 



Experiment. 



1. Took some of the 
powder up with a loop 
of moist platinum 
wire, ignited it 
strongly in the inner 
blowpipe flame, mois- 
tened it with HCl, 
and held in the Bun- 
sen flame. 

2. Fused a portion with 
Na^COa on charcoal 
in the inner blowpipe 
flame, placed the 
cooled mass on a 
bright shilling, and 
moistened it with a 
drop of water. 



Observation. 



A yeUowish-gi-een color- 
ation. 



A black stain on the 
coin. 



Inference. 



Presence of Ba. 



Presence of S. 
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Examination of the solution. 

Fused some of the powder with fusion mixture on platinum 
foil : boiled the cold mass with water, filtered. 

Filtrate, made acid with HCl and added BaClg, a white 
precipitate, which did not disappear on boiling the liquid : — 
Presence of SO^^ . 

The residue on the fUtei* was well washed with boiling 
water, and boiling dilute HCl poured upon it, it dissolved 
completely : — 



Absence of 
Group I. 



To a portion added strong UsS- water and heated : 



No preci- 
pitate. 
Absence of 
Group II. 



To another portion added AmCl, then AmHO in excess, 
then AmjS, and boiled : 



No preci- 
pitate. 
Absence of 
Group III. 



To another portion of the original solution 
added AmCl, AmHO, and AmjCOs : 

A white precipitate : Presence of Ba, Sr, 

or Ca. 
A platinum wire loop dipped into the 

original solution gave a yellowish-green 

tint to the Bunsen flame : 
Presence of Ba . 



Found Ba, SO^ . 



SECTION VI. 
FULL ANALYTICAL COURSE AND TABLES. 

After having tried the reactions of the analytical groups and 
learnt for each group how to detect its members occurring 
singly or two or more together, solutions containing a single 
member belonging to any of the groups, or members of two 
or more of these groups mixed, will readily be analysed. 

870. It is nece88ai*y first to separate the metals present into 
(jrmtps by adding the group-reagents successively in such an 
order that each precipitates its own group only, leaving in 
solution the members of all other groups which may be 
present. This is effected by adding the group-reagents in the 
order directed in the Greneral Table (419) ; refer to this and 
to the Group Table on pp. 168, 169. 

HCl, which is the first reagent added, precipitates only 
Group I. leaving Groups 11. , III., IV., and V. in solution; 
hence if a precipitate is obtained on adding excess of HCl, 
after filtering it off any member or members of Group L 
present will be obtained upon the filter, whilst the members 
of all other groups remain in the filtrate. On passing HgS 
into the heated filtrate*, members of Group 11. alone will be 
precipitated and may be filtered off; the filtrate*, after re- 
moval of HgS and oxidation of any Fe present by boiling 
with HNO3, may be mixed with AmCl and excess of 
AmHO ; the AmHO will precipitate any members of Group 
III. A, Group III.B and Mg remaining dissolved by the AmCl ; 
the addition of AmgS to the filtrate* will separate Group 
III.B as sulphides. Group lY. is precipitated from the 

* Or solution, supposing no precipitate to have been obtained, and 
filtration therefore to have been unnecessary. 
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filtrate* by the last group reagent AnigCOg, and the filtrate* 
is examined for Group V., the members of which not being 
precipitated by any group reagent wiU now remain in solu- 
tion if they were originally present. 

Since each group must be entirely precipitated by its own 
group reagent it is necessary, if any precipitate is formed, to 
add each group reagent in "excess" before proceeding to 
add the next : unless the presence of the reagent in excess is 
ascertained before proceeding, much confusion may be caused. 

STL Addition of reagents in excess. — ^The most general 
method for ascertaining the presence of a reagent in excess 
IB to add a few drops more of the reagent to the clear liquid 
obtakied either by letting the precipitate settle or by filtering 
off a small quantity of it ; if any further precipitate is formed 
the filtered portion must be returned, more of the reagent 
must be added, and the clear liquid again tried with a few 
additional drops of the reagent, this process being repeated 
until no further precipitate is caused. 

In certain c£ises this method of proceeding is rendered 
unnecessary, the excess of a reagent being detectable by its 
smell after thoroughly mixing up the solution and blowing 
out the air above it ; this is the case for example with HgS 
and AmHO. In other cases the excess is seen by the colour 
of the filtrate, as with yellow AnigS . 

372. Evaporation before precipitating Group III, — 
Since certain organic substances hinder or prevent the 
precipitation of the members of Group IILa. by AmHO, 
it is necessary, if the preliminary examination has shown the 
presence of organic matter, to destroy it by evaporation and 
ignition before proceeding to precipitate Group III. : evapor- 
ation to dryness and gentle ignition are also necessary to 
separate SiOg, which if remaining in solution might be 
mistaken for AlgHog. But if it is known that neither organic 
substances nor SiOg are present, a considerable saving of time 
may be effected by boiling the HgS filtrate until it no longer 



* Or solution, supposing no precipitate to have been obtained, and 
filtration therefore to have been unnecessary. 
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smells of HgS. then continuing to boil for several miiiutes 
after adding a few drops of strong HNO3 ; this process may 
replace the evaporation to dryness and ignition. 

878. General remarks, — The ordinary method of analysis 
drawn out in the Greneral Table and in the Tables for examin- 
ation of the group precipitates will present little difficulty if 
the directions therein given are strictly complied with. Table 
III.0. will perhaps be found rather more difficult, and should 
not be attempted until some proficiency has been obtained by 
practice on the other Group Tables. Table III.D., which 
must be employed under conditions fidly explained in (460), 
should not be used until considerable proficiency has been 
attained. 

874. It will be seen that the full course of analysis is 
arranged so as not only to prove what is present, but also that 
all else is absent : this, except in special cases, is the object 
in view. 

The process of analysis is much hastened by using 
separate portions of the solution instead of carrying on the 
examination throughout with one part of the solution ; the 
plan in the General Table is however preferable, since it gives 
at once a notion of the relative quantities of the different 
substances present 

For an example of how to write out the results see pars. 
(488-493) ; it will be seen that the form adopted is that of 
the Analytical Tables. 



Prbliminart Examination op Solid Substances. 

875. Before proceeding to employ the full course of 
analysis for substances of complex composition, the student 
will do well to examine a few solid substances for metals and 
acid-radicles by the tables given in paragraphs (387-418)*. 
For the full account of how to try these tests for any par- 
ticular substance the student must refer back to the pre- 
ceding reactions in Section IV. 



* For example of substances to be analysed by the Preliminary Examin- 
ations see paragraph (538). 
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The results of these analyses are entered in the f onn of the 
Table as shown in the examples in paragraphs (488) and (489). 
The entries must he made during the progress of the analysis, 

376. Preliminary Examination for Metals, — A little study 
of this Table (387 et seq.) will show that it contains three 
main tests marked Exps. I., XL, and III.; these stand in the 
first column : in the second column are placed the results 
which may be noticed on trying these experiments; the 
student should glance through these so as to be forewarned of 
what he has to look for. The main classification of the results 
which may be observed is indicated by large-type letters, the 
subsidiary divisions are marked by small numbers and italics, 
and the individual results are simply placed in succession in 
a vertical column. Occasionally an observation is made which 
it is advisable to confirm by an additional experiment : this 
" confirmatory " test is then entered in the first column, just 
below the observation to be confirmed, and is marked " con- 
firm?" to distinguish it from the main experiment, its results 
are placed beside it in the second column : the student must 
understand that any one or more of the results noted in the 
second column may be looked for. 

A few salts and mixtures such as those mentioned in (538) 
should be subjected to a careful preliminary examination by 
the student, and the results obtained carefully entered. 

377. Preliminary Examination for Acid-radicles, — This 
Table (410-418) exactly resembles in arrangement the Table 
for metals which precedes it, and no explanation is -therefore 
necessary. The student should examine by it some solid 
substances (538) for acid-radicles only. 

378. A few solid substances may now be tested for both 
metals and acid-radicles by the two Preliminary Tables. 



Detection of Acid-radicles and Metals by Prelihinart 
Tests and by Examination op the Solution. 

379. After having become familiar with the preliminary 
examination of solid substances the student may analyse some 
easy substances containing only one or two metals asA 



212 ANALYSIS OF COMPLEX SUBSTANCES. [379. 

acid-ndicle& The analytical course drawn ont for the exa- 
mination of complex sahetances maj be at once employed 
for these more simple analyses, as the student is thus enabled 
to prove not only the presence of any particular metals or 
acid-radicles, but also the absence of all others. 

He will by this means be graduaUy introduced to the 
analytical course, and after satisfactorily analysmg some 
simple substances, may proceed to mixtures of gradually 
increasing difficulty or complexity. 

At first no mixture should be attempted which will yield 
a precipitate containing a phosphate in Group TTT., and 
members of Groups ULa. and ULk should not be present 
together in the same solution, also substances containing 
organic matter and SiOg should be avoided ; the examination 
of the filtrate after passing HoS is thus very much sim- 
plified. 

The following is a description of the course to be pursued 
in making the complete analysis of a complex substance. 



GENERAL COURSE OF ANALYSIS FOR 
SOLiD AND LIQUID SUBSTANCES. 

The substance given for finalysis* will be either a liquid or 
a solid, since the analysis of gases forms a department which 
is best studied by itself. 

Unless it is known that cyanogen is not present in the 
substance, it must be tested for in a small portion by the 
'* Prussian blue" or AmCyS test (304 or 306);, if found, 
refer to (482 et seq,) for the preparation of the solution and 
the method of analysis : if cyanogen is not present the sub- 
stance is examined by (380, 381) or by (382 et seq.) according 
as it is liquid or solid. 

Silicates may also be tested for by fusing some of the 
iiuely powdered substance in a bead of microcosmic salt. 
(293.) 



THE SUBSTANCE IS A LIQUID. 

880. Test it with both blue and red litmus-papers, one of 
the following results will be obtained : — 



It 18 neutral 

(not changing either 

paper). 

Absence of acids and al- 
kalis and of salts with 
acid or alkaline re- 
action. The salts of Ag 
and Mg and certain 
salts of Am, Na, E, Ba, 
Sr, and Ca are the only 
neutral soluble salts. 



It is add 
(turning Utie litmus red). 

Presence of an acid, or 
salt with acid reaction. 



It is alkaline 
(turning red litmus Mtte). 

Presence of a hydrate of 
Am, Na, K, Ba. Sr, or 
Ca, or of a salt with 
alkaline reaction. 



381. Evaporate a few drops of the liquid upon a piece of 
platinum foil or a piece of thin glass or porcelaint, smelling 
it occasionally : — 

* For examples of substances to be analysed see par. (589). 
t A piece of the side of a broken flask will serve well. 
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Ifo residue is lift .-—The liquid miut 
conaift of some voUtile sabstance, 
inrobably of water, either pure 
or containing cerfadn gases or 
Tolatile sabstances dissolved in 
ft (e.g., NH,, HCl, Br, &c.) which 
are detected by their gmell, by the 
action of the liquid on litmus^per, 
or by special tests. If the liquid 
has no action on litmus, no smell, 
and leaves no residue on evapora- 
tion, and is tasteless, it is pure 
water. 



A residue is <</K:— Examine the liquid 
by the further preliminary tests in 
(334) or evaporate a portion of the 
solution to dnmess m a porcelain 
dish, avoiding heating the substance 
after it is dry ; examine the residue 
by the preliminary tables for metals 
and acid-radicles (387-418). Exa- 
mine the larger part of the solu- 
tion for metals by the general table 
(419) paying attention to (420), and 
the rest of the solution for acid- 
radicles by (440 et seq.y. 



THE SUBSTANCE IS A SOLED. 

382. If the substance is metallic in appearance refer to 
(467) for the method of analysis, or if it is non-metallic 
proceed as is directed below. 

Finely powder some of the substance in a mortar, using 
an agate mortar if it is very hard. A part of this powder 
is first examined by the Preliminary Tables for metals and 
acid-radicles (387-418). 

Process of Solution. 

888. A large part of the remainder is boiled in a flask or 
boiling-tube with distilled-water, if it dissolves entirely see 
(384) : if the powder does not dissolve, allow the liquid to 
stand still until the undissolved portion has in great part 
settled, then decant through a filter : the filtrate is 
solution I. : — 



Residue injlaak: boil with dilute HGl (386)/ allow any residue to settle, 
decant through the filter used above (386 a); repeat tills process and 
flnaUy boil the residue with strong HCl, let settle, decant through the 
filter:— 


FUtraU is 
Solution II. 


Residue: heat with dilute, then with strong HNO3 (3866) 
as was directed above for HCl; decant through the 
filter:— 


Filtrate is 
Solution ni. 


Residue may be wanned for a short time 
with a mixture of strong HNO3 (386 b) 
with three times as much HCl ; if this 
does not dissolve it, dilute and decant 
the acid mixture through the filter :— 


Filtrate is 
Solution IV. 


Residue: wash weU with 
water, dry, and examine 
as directed (475 et sea.) 
for substances insoluble 
in water and acids. 
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384. If at any of the preceding stages the substance dis- 
solves entirely, proceed at once to examine the solution by 
the General Table (419), paying attention to (420) if the 
substance is entirely soluble in water. 

385. The Solutions I., II., III., lY. need rarely be exa- 
mined separately; a general method is to add to I. some HNOg 
(see 420) and then some HCl to the clear liquid ; add also 
to the HNOg solution (III.) some HCL Any precipitate 
thus caused by HCl is examined by Table I., and any pre- 
cipitate caused then on mixing the solutions I., IL, III., IV. 
is examined by (475) as an insoluble substance. It is best 
to boil down the solutions III. and IV. considerably 
before mixing them with I. and II. , in order to get rid of 
the HNO3 ^ niuch as possible ; they are then mixed with 
dilute HCl, and any precipitate thus caused is examined by 
Table I. 

386. Any changes which occur on adding HCl should be 
noted down ; notice especially whether any gases are given 
off. Many of these gases may be detected by their smell, 
but a closer examination of them may be neglected, as they 
are obtained in the preliminary examination for acid-radicles 
(411). If the gases come off from the aqueous solution on 
adding HCl, or on mixing the HCl and aqueous solutions, 
they must have been present combined with metals as salts 
soluble in water, probably salts of alkalis ; if they are evolved 
on treating the residue insoluble in water with HCl, they 
were present as salts insoluble in water. 

386 a. On cooling the hot HCl solution crystals often 
separate, these consist probably of PbClg, they may be filtered 
off and dissolved in a little boiling water ; if on addition of 
KgCrO^ to this solution a yellow precipitate forms, it shows 
the presence of Ph. 

886 h, HNO3 seldom requires to be used in dissolving a 
substance, and when necessary should be employed only in 
small quantity, since it is liable to cause a precipitate of S 
from HgS. (423). 

Note,—li a complex solid mixture is given for analysis, and the 
only object is to obtain a solution as rapidly as possible, it may be 
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at once boiled with aqua regia for a few minutes, then dilated and 
lUtered: the residue is examined as a substance insoluble in water 
and adds (475 et scq.), and the filtrate is evaporated nearly to dry- 
ness : dilute HCl is added, and the solution examined by the General 
Table (419). 



PEELIMIKAEY EXAMINATION FOE METALS. 

887. The substance is required in the solid state for this 
examination ; hence if a solution is being analysed, some of 
is must be evaporated to dryness and the dry residue em- 
ployed (see 381). 

Carefully note down the appearance and physical proper- 
ties of the original substance : whether it is crystalline or 
amorphous*; its hardnessf, colour^, smell, and anything 
which strikes you on a careful examination aided by a pocket- 
lens. 

The following three experiments (388, 397, 398), together 
with some confirmatory ones when necessary, are then to be 
tried on small quantities of the finely powdered substance, 
and the results obtained noted down. 

For a fuller explanation of the form of the Table, see para- 
graph 376. 



* A body, if crystalline, consists of particles which have a definite and 
similar shape : the particles are amorphous if they show no similar and 
definite shape. 

t The hardness of a substance may be roughly tested by trying to 
scratch it with the point of a penknife : if very easily scratched, it is soft ; 
if the knife will not scratch it, but simply marks it is a lead pencil would 
do paper, it is very hard (e.g. Quartz). 

t The salts of the following metals are coloured: — Cu, blue; Fe'", 
brovmishryeUow ; Fe", pale-green; Ni, Cr, CuClj, green; Mn, ddiccUe- 
pink ; Co, reddish-pink. Chromates, light-yeUoxo ; dichromates, orange- 
red; SbjSg, CuO, MnOg, black; HgO, Pb304, red; PbOj, dark-brown; 
PbO, Ugkt-broion ; OjOg, green. 
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Experiment. 



388. Sxp. I.— Heat a 
small quantity of the 
substance in a small 
test-tube or piece of 
hard g^ass tubing drawn 
off at one end. 



Confirmatory.'-'The sabli- 
mate is carefully exa- 
mined, if necessary with 
the aid of a lens. 



389. Confinnatory.—'Re&i 
another portion of the 
substance, mixed with 
about three times as 
much Na2C03 in fine dry 
powder and a little KCy, 
in a tube dosed at one 
end a47). 



Observation. 



A. The substance does not change. 



B. The substance changes. 
1. It changes colour : — 



white, cold. 
yellow „ 
yellow ,f 
red- > 
broumf 



« 



Yellow, hot. 

Yellow, brown ,, 
Yellow-brown „ 
Dark-red or ) 
black f " 
The substance blackens — 

a. Emitting a smell of burn- 

ing. The black carbon 
may be burnt off by 
strongly heating on pla- 
tinum foil with the blow- 
pipe flame. 

Smell of acetone. 
Smell of burning sugar. 

b. Emitting no smell of Dum- 

ing. The colour is not 
removed by ignition as 
under a. 

2. It fuses, aivi becomes 'solid 

again on cooling, 

3. It sublimes. 

White, crystalline (sparkling) sub- 
limate. 

White, non-crystalline sublimate. 

Black sublimate, becomes red 
when rubbed. 

Yellow sublimate. 



Sublimate of 

which are yellow when coldi 
Violet vapour, cooling to blackish 

OTstals. 



^reddish drops, ) 



Grey mirror, which, when rubbed 
veith a splinter of wood or a 
glass rod, or when examined by 
a lens, is seen to consist of glo- 
bules of Hg. 

Blackish-brown shining mirror, 
and smell of garlic ; no globules. 



Inference. 



Absence of (H^^anic 
substances which 
blacken and give off 
a smell of burning; 
of volatile sub- 
stances which sub- 
lime: of substances 
which are altered 
by ignition; and of 
water combined 
with or absorbed 
by the substance, 
which would be 
evolved as steam 
and form drops on 
the side of the tube. 



ZnO. 
PbO. 
SnOzorBijOs. 

FejO,. 

Presence of organic 
matter. 



An acetate. 
A tartrate. 
Probable presence 
Co- or Cu-salts. 



of 



Salts of alkalis or cer- 
tain salts of the 
alkaline earths. 

Compounds of Am,As, 
Hg; or frees or I . 

HgCla, AsjO, . 

Probably Am-salt. 
HgS. 



Hglo, becomes scar- 
let when rubbed. 

S firee or from obtain 

polysulphides. 
Presence of I . 



Presence of Hg'. 



Presence of As . 



\ 
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PREUMINARY EXAMINATION 



[390-396 



Experiment. 



890. Confirmatory.— Tour 
a little strong EHO solu- 
tioB apon some of the 
snbstance and heat to 
boiling; or mix some of 
the substance with soda- 
lime in a mortar, and 
moisten and heat. 



391. Confirmatory.— -'ExsL- 
mine the drops of water 
on the sides of the tube 
with blue and red litmus- 
papers. 



898. Confirmatory. — In- 
troduce a burning splin- 
ter of wood into the 
tube. 

898. Confirmatory. — In- 
troduce a glass rod, 
moistened with lime- 
water, into the tube. 



894. Confirmatory. — In- 
troduce a glass rod or 
slip of paper moistened 
with KjCrjOy . 



895. Confirmatory. •— In- 
troduce a glass rod car- 
nring a piece of moist 
litmus. 

896. Confirmatory. — In- 
troduce a glass rod with 
moist starch powder on 
its end. 



Obsenration. 



KHs is given ofif, known by its 
smell and by turning moist red 
litmus-paper blue or turmeric- 
paper brown; the change in 
colour is only a trustworthy in- 
dication, if it occurs very soon, 
as the NH3 in laboratory air 
often causes it to occur after a 
time. 

4. The substance gives off water. 

It fuses first, then gives off water, 
and again becomes solid if the 
heat is continued. 

It swells up considerably whilst 
giving off its water. 

The water is alkaline. 

The water is acid. 



6. Oas or vapour is given off.* 

a. It is without smell. 

It bums more brightly, and if in- 
troduced with a spark at the end 
is inflamed. 

The flame is extinguished. 

The lime-water turns milky. 

llie lime-water does not turn 
milky, but the flame was ex- 
tinguished (392). 

b. The gas or vapour Tias a sm^ell. 

Smell of burning S. 

The KoCr^Oj turns green; moist 

blue litmus is also reddened by 

the gas. 



Keddish-brown nitrous fumes are 
given off, known by their pecu- 
liar smell, and by not colouring 
starch paste orange-red. 

Smell resembling CI :— - 

Yellowish gas, which bleaches 
moist litmus. 



Brown vapour, which colours the 
moist starch powder orange-red. 

Violet vapour, which colours 
starch solution blue. 



Inference. 



Presence of NH4. 



Presence of water, ab- 
sorbed or combined. 

Water ol crystallisa- 
tion. 

Borax and certain 

borates, alums, and 

phosphates. 
Probably NH4-com- 

I)ounds. 
Presence of volatile 

acids, e.g., HNOs, 

HCl, H2SO4 .J 



from chlorates, 
nitrates, peroxides, 
&c.; or possibly NoO. 

C02orN. 

CO2 from carbonates, 
oxalates, &c. 

N, from AmN02 Pro- 
bably. 



SO2 from combustion 
of free S, or from acid 
sulphites, hyposul- 
phites, reduction of 
sulphates or oxida- 
tion of sulphides. 

Nitrates of heavy 
metals (e.g. of Pb, 
Bi, Hg. &c.) 



CI from certain chlor- 
ides. 



Br from certain bro* 

mides. 
I, free or from certain 

iodides. 



* This will usually be shown by effervescence of the substance ; if the gas or vapour is 
not detected by its colour or smell, it can only be found on testing for it specially by (392) 
and (393). 
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Experiment. 



397. Exp. II. -Dip a 
moistened loop of pla- 
tinum wire, which gives 
no colour to the Bunsen 
flame, into the sub- 
stance, and hold the 
loop with the adhering 
I)owder near the top of 
the Bunsen flame, or in 
the inner blowpipe 
flame. Then moisten 
with a drop of strong 
UCl and heat again. 
Continue the heating 
until no further change 
occurs in the colour of 
the flame. 

Note. If silicic acid is 
present, the colorations 
for K and Na usually show 
only after ignition of the 
powdered substance with 
powdered CaS04. 



Observation. 



898. Exp. III.— Heat the 
substance in a small 
cavity scooped in a piece 
of wood-charcoal, in the 
blowpipe flame. 



399. Confirmatory.— De- 
tach a portion of the cool 
residue from the char- 
coal, place it upon a 
piece of red litmus- 
paper, and moisten with 
a drop of water. 



e.\Thega8 can be ignited, and hums 
at the mouth of the tube with a : — 
Pale yellowish-green flame, more or 
less explosive. 

Bright white flame, producing 
white fumes; the unoumt gas 
smells of garlic. 

Peach-blossom coloured flame. 



A. The substance colours the 
flame: 

1. Intense'yeUow. 

Examine the flame through 
the indigo-prism; a crimson 
colour is seen. 

2. Pale violet, crimson through ) 
the indigo-prism. j 



3. Yellowish-green. 

4. Crimson, same through the) 
indigo-prism. j 

5. Orange • red, dingy - green ) 
through the indigo-prism. T 

6. Bright areen. 

A blue colour is seen after 
moistening with strong HCl. 

Intense. 



Inference. 



^-^-^ISS 



B. The substance does not colour 
the flame. 



A. The substance decrepitates, or 
crackles. 

B. The substance deflagrates, or 
causes charcoal to bum rapidly. 

0. The substance fuses easily, and 

is absorbed by the charcoal, or 

forms a liquid bead. 
D. An infusible residue is left on 

the charcoal. 
1. The residue is white and very 

luminous. 

The paper turns blue, showing the 
residue to be alkaline. 



NH3 probably from 
strongly heated 
NH4NO8 . 

PH3 probably from a 
hypophosphite. 



Cy from a cyanide, 

&robably from 
gCy2. 



Na. 

K or Sr, or both, are 
present. 



Ba probably. 

Sr. 

Ca. 

Cu or B2O3 . 

Cu. 

CuClo, CuBr2 . 
As, Sb, Pb. 

Probable absence 
the above. 



of 



NaCl and certain other 
crystalline salts. 

Chlorates, nitrates, 
&c. 

Salts of alkalis and 
certain salts of the 
alkaline earths. 



Probably BaO, SrO, 
CaO, MgO, AljOs, 
ZnO (or SiOa). 

BaO, SrO, CaO, and 
possibly MgO . 



\ 
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PRELIMINARY EXAMINATION 



[400-404. 



Experiment. 



400. Confirmatory. —"ilola- 
ten the reiddue on the 
charcoal when cool with 
BOTeral drops of Co(N(M2 
Bolution, and heat again 
sfarongly in the outer 
blowpipe flame. 

401. Con/Jrmatory.— Heat 
a small quantity of the 
substance in a clear co- 
lourless borax bead, first 
in the outer, then in the 
inner blowpipe flame. 



Observation. 



408. Confirmatory. -—The 
presence of Mn and Or, 
may be confirmed by 
fusing the substance 
with NasCOsandKNOs 
on platinum foil. 



403. Confirmatory.— "Reat 
also some of the sub- 
stance, mixed or covered 
with powdered KCy and 
NasCOs or K0C2O4, on 
charcoal in tne inner 
blowpipe flame. 



404. Confirmatory. — De- 
tach several of me glo- 
bules with the point of 
a knife, and strike them 
on the bottom of an in- 
verted mortar with the 
pestle ; if they flatten to 
a cake they are m^xUe- 
abUf if crushed to a 
powder they are brittle. 
Try also if a globule, 
fixed on the point of a 
knife, mai^ paper. 

Note.— The appearance 
and malleability of one 
reduced metal is fre- 
quently much altered by 
the presence of another. 



A blue residue, the colour of which 
does not disappear with intense 
heat 

A pink residue. 

A green residue. 

2. The residue ie coloured. 
Colour of bead : 



Inference. 



In outer fiame. 
Green, hot. ) 
Bluej cold. ) 
Blue, hot and ) 

cold. r 

Violet, hot. 
Yellow, cold. 
Brown-red, hot. 
Yellow, cold. 
Oreen, hot an 

cold. 
Reddigh -purple, 

hot and cold. 



1 



In inner flame. 
Colourless, or \ 

red, cold. > 
Blue, hot and \ 

cold. ) 

Orey or opa^que. 

Oreen, hot and ) 
cold. J 

Oreen, hot and \ 
cold. J 

Colourless, hot > 
and cold. ) 



Light-yellow mass on cooling. 



Blue-green mass on cooling. 



3. The residue is coloured, or me- 
tallic scales or globules are seen. 

The substance is reduced to the 
metallic state. (See 407.) 

a. Without incrustation. 

Brilliant white metaL 
Yellow metal. 
Red scales or globules. 
Orey powder, attracted by a 
magnetised knife-blade (407). 



b. With incrustation. 



Globules. 
White,m£illeable, 
not marking 
paper. 

White, brittle. 

White,malledble, 
marking paper. 

White, brittle, 
giving white 
fumes. 

White or none. 

White or none. 

None, 



Incrustation. 
None, or very 
slight. 



Orange, hot. ) 
Yellow, cold. ) 
YeUow, hot and 
cold. 

White, close to 
substance. 



} 



Yellow, hot. 
White, cold. 
jRec{-&row7i, easily 

volatilised. 
White, and white 

fumes ; smell 

of garlic. 



AljOs, and some phos- 
phates, silicates, 
and borates. 

MgO. 

ZnO. 



Cu. 
Co. 
Ni. 
Fe. 
Cr. 
Mn 

Cr. 



.}' 



.866(402). 



Mn. (See 406.) 



Au, Ag, Cu, Pb, Sn, 8b, 
Bi ; [Co, Ni, Fe. Mn, 
form grey powders]. 

Au, Ag, Cu, Co, Ni, 
Fe, Mn. 

^• 
Au. 

Cu. 

Fe, Co, Ni, Mn. 



Sn. 



Bi. 
Pb. 

Sb. 



Zn 
Cd. 

As 
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Experiment. 


Observation. 


Inference. 


405. EXP. IV. — Fuse 
some of the Hubstance, 
mixed with NasCOs, on 
charcoal in the Inner 
blowpipe flame produced 
fr<ym a spirit'lamp ; re- 
move the fused mass 
when cold, place it on 
a bright BUver coin, 
moisten with a drop of 
water, and let stand for 
several minutes. 


On rinsing off the substance, the 
coin is found to be stained black 
(408). Also, if a drop of HCl be 
placed upon the mass, a smell of 
H2S is perceived, and lead-paper 
is olackened. 


Presence of S, free or 
combined. 

Note, — Since this 
reaction serves to 
detect S and snlphur- 
acid-radicals, it more 
properly belongs to 
the Preliminary Ex- 
amination for acid- 
radicles : it is, however, 
best tried here. 



Notes to the preceding Preliminary Table. 

406. The green colour produced by Mn conceals the light yellow 
ue to Cr ; on boiling the residue with water it gives a pink or purple 

solution, the colour of which is best seen on filtering : this colour is due 
to the formation of KMn04, and shows Mn to be present. On acidifying 
this solution with HA and boiling again for several minutes, the purple 
colour is destroyed ; and on filtering, the yellow colour due to Cr is 
seen : the presence of Cr may be further confirmed by the formation 
of a yellow precipitate in the acid solution on addition of PbAj . 

407. The metal is best separated and examined by detaching the 
mass when cold from the charcoal, and powdering it by crushing in a 
mortar or on a watch glass with a Httle water, letting stand for a short 
time, and then quickly pouring off the water down a glass rod or 
pestle which is wetted and pressed against its edge ; by several times 
repeating this operation, the heavier metallic particles alone are left in 
the mortar or watch glass (33 a). 

408. This stain is removed by rubbing the coin with a little lime 
made into a paste with water. 



409. Note, — When the substance to be examined contains several 
bodies, they frequently more or less mask one another's reactions: thus 
Co if mixed with Fe will give a bead green whilst hot and blue when 
cold, thus resembling Cu, but differing in remaining blue in the inner 
flame: hence the composition of many complex mixtures is only roughly 
indicated by the Preliminary Examination, and must be confirmed and 
established in the wet way. Many substances, more particularly 
minerals, however, can be completely analysed by a careful Preliminaiy 
Examination. 
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PRELIMINARY EXAMINATION [410, 411. 



PRELIMINARY EXAMINATION FOR ACTD- 

RADICLES. 

410. The substance is required for this examination in the 
state of powder or of strong solution. 

If the substance given for analysis is a solution, part of it 
may be evaporated to dryness : the dry residue is then finely 
powdered and subjected to the following tests. If several 
acid-radicles and metals are present, the reactions may be 
more or less perfectly concealed or altered, hence failure in 
obtaining a certain reaction does not in all cases necessarily 
prove the absence of an acid-radicle. 



£xperiment. 



411. Exp. I.— Treat 
some of the sub- 
stance with 'dilute 
HCl and note the 
result, then heat 
moderately (416). 



Observation. 



One or more of thefoUomng 
gases may be evolved:— 

A colourless gas without 
smell, which turns milky 
a drop of lime-water on 
the end of a glass rod. 

A gas of suffocating smell 
which turns a drop of 
KoCroO? solution ^en. ^ 
Yellow S is precipitated 
at the same tune. 



w. 



gas with fetid odour, 
ich blackens a drop of 

PbAj solution, or a piece 
of lead-paper (417). 



Keddish fumes. 

A yeUowish-green gas, of 
suffocating smell, and 
which bleaches moist lit- 
mus-paper, is evolved :— 

a. In the cold; and also 
evolved on adding HA. 

&. Only when heated. 



A colourless gas, smelling 
of bitter almonds. 



Inference. 



CO2 from a carbonate. 



SO2 from a sulphite. 
SO2 and S from a theio- 
sulphate*. 



HjS from a sulphide ; or 
possibly from a sulphite 
or hyposulphite, if Zn or 
other reducing agent be 
present. 

N2O3 from a nitrite. 



CI from hypochlorites. 

CI from action of HCl on 
oxidising substances, e.g. , 
Mn02, chromates, ni- 
trates, chlorates, &c. 

HCy from a cyanide. 



Formerly called a ** hyposulphite.' 
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Experiment. 



412. Exp. n. — Heat 

another portion gently 

with strong H2SO4. 

Note. — 1^0, attention 

need be paid to gases 

evolved in Exp. I. (411). 

Confirmatory.— Mix some 
of the substance with 
Mn02 free from chlo- 
ride, add strong H2SO4 
and warm. 



Observation. 



413. Confirmatory.— "Drop 
into the hot liquid a few 
small pieces of copper. 



414. Confirmatory.— BoU. 
some of the substance 
with water, or take some 
of the solution if a 
liquid ; cool, add about 
twice as much strong 
H2SO4, cool, and pour 
cold solution of FeS04 
carefully in upon the 
top of the acid liquid. 



1. A gas is evolved with 
pungent smell, which 
fumes in the air, and 
renders milky a drop of 
AgN03 solution made 
acid .with HNOs. 

A yellow gas is given off 
with strong smell, and 
which bleaches moist 
litmus-paper (418). 

Brown vapour is given off, 
which colours a little 
moist starch powder 
orange-red. 

Violet vapour is given off, 
which colours a drop 
of starch-paste blue. 

2. A heavy fuming suffo- 
cating gas is evolved, 
and the liquid behaves 
as if the glass were 
greasy; on rinsing out 
the tube, and drying 
it thoroughly, the in- 
side is seen to be 
corroded and dimmed. 

3. The acid fumes are 
reddish, usually seen 
only on heating after 
adding a few fragments 
of Cu. 

A dark brown ring or 
layer forms upon the 
surface of the acid, 
best obtained on cool- 
ing the liquid by im- 
mersing the test-tube 
in oold water. 



4. Greenish-yellow gas, 
smelling like CI, and ex- 
ploding when warmed. 
Confirm by adding 
indigo solution and 
H2SO3 to the colourless 
aqueous solution of 
the substance (252). 

For detection of a nitrate 
and chlorate when 
mixed, see (256). 

5. The substance changes 
from yellow to green, 
being evolved as is 
shown by a glowing 
taper. 



Inference. 



HCl, HBr, m, HP* from 
chloride, bromide, 
iodide, or fluoride. 



Probably CI from a 
chloride. 



Br from a bromide. 



I &om an iodide. 

HF from a fluoride. 

^o^e.— The HF acting 
upon the silica of the glass 
evolves SiF4, which is de- 
tected by holding a mois- 
tened glass rod in the gas, 
Si02 is deposited as a 
gelatinous film upon it. 



Presence of a nitrate. 

Note.—li iodide is 
present it must usually 
be separated by CU2SO4 
(266) before a nitrate can 
be detected. 



Presence of a nitrate. 



Presence of a chlorate. 



Presence of a chromate. 



* HF would also render the drop milky by depositing Si02 from SiF4, formed 
by its action on the glass, but it is distinguished by corroding the glaas. (See 
-412, 2, note.) 
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EXAMINATION FOR ACID-RADICLES. [415-418. 



Experiment. 



416. Confirmatory.— Add 
a little alcohol to the 
substance and heat 
with HsSOf. 



Observation. 



6. Yellowish-green gas, 
with suffocating smell, 
which bleaches moist 
litmus. 

7. The same gas as in 6, 
but coloured reddish- 
brown by nitrous fumes : 

8. Or coloured reddish- 
brown by CrOClj. 

9. Substance does not 
blacken, but evolves CO 
which bums with a blue 
flame, and CO2 which 
turns a drop of lime- 
water milky. 

10. Substance blackens, 
and SO2 is smelt. 

11. A smell of acetic acid 
or vinegar is noticed. 



Strong fragrant odour. 



Infer^ice. 



CI from a hypochlorite 
(detected already in 411), 
or from a chloride in 
presence of MnOg Ac. 



A chloride in presence of 
a nitrate or nitrite. 

A chloride in presence of 
a chromate. 



Presence of an oxalate. 



Presence of a tartrate. 



HA from an acetate. 



Ethyl-acetate from an 
acetate. 



Notes on the preceding Table. 

416. If HCl has been employed in dissolving the substance, the acid- 
radicles detected by the action of HCl will have been already noticed 
in preparing the solution for metals (383). 

417. The S present in sulphides which are not decomposed by dilute 
HCl, is detected by fusing the powdered substance with two or three 
times as much fusion mixture (NagCOg + KgCOg) in a covered crucible, 
boiling with a Httle water, and placing a drop upon a bright silver 
coin, when a dark stain will be produced ; or by adding excess of an 
acid to the solution, when H^S will be evolved. Smaller quantities of 
S may be detected by the formation of a black colour or precipitate on 
adding PbAg to the solution. 

418. Chlorides treated in this manner evolve CI, recognised by its 
colour, smell, and bleaching action on litmus-paper ; but this test for 
chlorides is reliable only if the precautions stated in (259) are attended 
to, since many samples of MnOg evolve CI when warmed alone with 
HjS04 . 
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EXAMINATION FOE METALS. 

After the preceding Preliminary Examinations have been 
made, a solution of the substance is made as directed in 
(383 et seq.), and this solution is further examined in a 
more systematic manner. This is often called "The Examina- 
tion in the Wet way." See next page. 
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[419. 



419. GEXERAL TABLE FOE SEPAKATIOX OF 

ractitm, it 



I/tlK sobstaiK^ for asalrns is a Hqnid 
«xaimiMd as dirtrt^d br>yv. 

In this Table, and alM in the Group Tables wMch'foUov, it has been snp- 
prwipitate will b< pndnc«d vhen the reagent is added for its dete»?tion ; and 



Add to tbt ^taier ptat fd the " atit^aal ae^atkm' * H.CI; if anr prccqatate is prodoeed. 



TIk fvedpitate maj eon- i Tbe mtrate or ■otatkm, wiiich nrast gire no fartlier predpi- 

theo dibited with water (433% anlesB it is alreadr dilate; 
wwmed gentlj (4SS, 4» a) and filtered : 



(See 432.) 



Kwrnine the precipitate 
b]rTableI.(433X 



Note.— The absence of Pb 
is not proved, if It is not 
precipitated in this gronp, 
as PbCl^ is somewhat so- 
luble, and 11) may there- 
fore be found only in 
Group II. 



Tbe piw ijitate 

tain- 

Y^A— blade 

OA—Uaek 
CdS— yeOffV 

SnS— 6rovn 

Sh^x—crange 

jdwto 

lA^^r-blaek} 



Insotoble 
in KHO 
and in 
AnuS. 



COD- ( Tbe stdntioa or filtrate is di- 
: cipitated: as soon as H^S 
, duh imtil it ceases to smell 
and tbe residne ^rnitly ignited 
} beated, then water is added; 




Soluble 
in KHO 
and in 
Am^S. 



Examine the precipitate by 
Table IL (435). 

Note 1. — ^Thls precipitate 
should not be examined at 
once, as possibly a precipi- 
tate may be formed on 
boiling the filtrate, and 
this would have to be 
added to the above. 

Note 2.— Unless the liquid 
has been sufficiently di- 
luted some of the above 
metals may be afterwards 
precipitated by AnijS in 
Group m., and cause 
much confusion. 



Add a few drops of the add 
tate shows the presence of a 

Add to tbe rest of the HCl sohi- 
ODce any precipitate wiiich 
(439): if a phosphate is 
phates are absent proceed as 

iXote.-^Beter to 



The precipitate may contain- 

AliUog— almost eoloufless. 
Cr^^Og—ligh t -preen. 
VeiRog—reddish-broion. 



Examine the precipitate by Table 
ni.A (436). 



Notes to the General Table. 

420. If the liquid under examination is alkaline or neutral in 
reaction, before commencing the examination by the General Table, 
HNOg must be added in slight excess ; if no precipitate forms, proceed 
at once to examine the liquid by the General Table ; if a precipitate is 
produced, more UNOg is to be added, and the liquid heated ; should 



* By the " original solution ** is meant the solution of the substance if 
A Holid, or the substance itself if a liquid, to which no reagent has been 
A/kled. 



420.] 
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METALS IKTO GRpUPS BY GEOUP-REAGENTS. 

requires special treatment (420) ; if its reaction is acid, it may be at once 

posed that all metals are present : if a metal or group of metals is absent, no 
hence no filtration is necessary, the solution being then treated as a filtrate. 



continue to add HCl as long as it causes any further precipitate (421), warm and filter : 



tate on addition of several drops of HCl, is boiled down if necessary (423), and is 
it is then saturated with H2S by passing the gas through the solution * (500 a), and 



luted and HjS is passed again into it, to make sure that Group XL is completely pre- 
produces no further precipitate the clear solution or filtrate is boiled in a porcelain 
of H2S (427), a little strong HNO3 is then added, and the liquid is evaporated to dryness 
in the dish. When the dish is cool, a little strong HCl is poured upon the residue aud 
any undissolved residue is filtered off (428). 

solution to some AmHMo04 solution in a test-tube, and warm gently ; a yellow precipi- 
phospJutte; if no precipitate is formed with AmHMo04, phosphates are absent. 

tion AmCl, heat it to boiling, then add AmHO in excess, boil again and filter off at 
may form as quickly as possible, keeping the funnel closely covered with a glass plate 
present and a precipitate is produced by AmHO refer to Table III.D. (466), if phos- 
is directed below : — 

(463, et seq.\ for full directions for precipitating Groups III.A and III.B.] 



Add to the filtrate or solution, which may be coloured (430), Am2S in excess, boil aud 
filter :— 



The precipitate may contain — 

ZnSt— white. 
MnS — light-pink. 
Co^^-black. 
NiS— black. 

Examine this precipitate at 
once by Table III.B (437). 



Add to the filtrate or solution, which must be dis- 
tinctly yellow or brown (431), Am2C03, warm 
gently and filter : — 



The precipitate (432) may 
contain — 

BaCOg— wWte. 
^vGOz— white. 
CaCOg — white. 

Examine the precipitate by 
Tabl« IV. (438). 



The filtrate may contain 
Mg, K, Na. 



Examine by Table V. 
(439). 



a precipitate still remain, it is filtered off and the filtrate examined 
by the General Table, commencing with the addition of HCl. 

The precipitate caused and not dissolved by HNOg may be finely 
divided sulphur, separated as a white powder from a sulphide, or 
yellow from a theiosulphate t ; this precipitate is recognised by its 
colour, and by not being separable by standing or filtration, it may be 
disregarded ; there may also be precipitated 1148104 (gelatinous, almost 



* Instead of diluting and passing the gas, HjS-solution may be added, 
t Often called a " hyposulphite." 
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colourless), SnO, or metastannic acid (see 420 a), SbjOg, AgCl (all 
three white), SnS,, AsjSj (both yellow), Sb^Sg (orange). Hence a full 
examination of this precipitate for all that it may contain will involve 
boiling the precipitate with aqua regia, diluting and filtering; the 
insoluble residue is examined as a substance insoluble in water and 
acids (475) and the aqua regia solution is added to the filtrate from the 
precipitate caused by HNO3, any precipitate caused on thus mixing the 
solutions being examined by Table I. (433). 

420 a. Metastannic acid is precipitated from a solution of an alkaline- 
metastannate by addition of an acid : it forms a white precipitate which 
becomes golden-yellow when moistened with SnCLj solution ; it is further 
recognised by its dissolving in the wa.shing-water whilst being washed, 
but being reprecipitated when the washings run into the acid filtrate. 

421. Even if HCl has been used in dissolving the substance, it is 
advisable to add a few drops of the acid to make sure that no member 
of Group I. remains. 

422. It must be remembered that HCl also precipitates strong 
Ba solutions; this precipitate however disappears as PbCls does 
on diluting with water and heating, thus differing from AgCl and 
Hg^Clj . 

423. If HNO3 or aqua regia has been used in dissolving the sub- 
stance, or if the solution smells of CI or SOj, it should be boiled down 
considerably until after adding HCl and boiling, neither of the above 
gases is smelt ; it is then diluted, and HgS passed at once whether the 
dilution has caused any precipitate or not. 

If As has been detected in the preliminary examination, HgSOg 
should be added until the liquid smells of SOg after having been boiled 
for a short time, and the liquid is then heated for some time short of 
boiling until it no longer smells of SOg. This treatment reduces arsenic 
and stannic compounds to" the arsenioi^ and stannozf* condition. In the 
case of As this reduction is to be recommended, since arsenic com- 
pounds are not easily precipitated by H^S ; it is also very desirable 
to reduce stannic compounds, since SnSg unlike SnS readily runs 
through the filter, and being yellow in colour may be mistaken for S. 
It will of course be necessarj- to ascertain by special tests (187-190, and 
201-203), made on the oi'iginal soliUion, in which state As and Sn were 
originally present. If any precipitate is produced by boiling with 
HgSOg other than white sulphur, refer to (424). 

424, Whilst boUing with H2SO3 some H2SO4 is usually formed, 
which may partially or completely precipitate Pb, Ba, Sr as white 
sulphates ; HgSOg will also possibly precipitate Au, which causes the 
cool liquid to appear blue by transmitted and red by reflected light, 
and on boiling separates as a black powder. Examine any precipitate 
formed by H2SO3 by Table G (434). 

425. On addition of water, Bi^ Sb, Sn may give white precipitates of 
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their oxychlorides ; these precipitates may be disregarded, since HgS 
readily converts them into sulphides. 

426. HgS often causes a fine white precipitate of S, owing to the 
presence of certain oxidising substances, such as CI, HNO,, HClOg, 
HaCrO^, HjjMnO^, HMn04, H2SO3, FegClg, &c. ; this precipitate is 
known by its perfect whiteness, and by not being separable by standing 
or filtration, it may be neglected ; great care must however be taken 
not to mistake SnSg for S, it resembles S in running through filter- 
paper, but is distinctly yellow in colour, it may often be coagulated by 
being shaken or heated. 

426 a. Certain changes may be observed whilst H^S is being passed, 
they should be carefuUy noted. Thus Pb and Hg d uring precipitation by 
HgS show characteristic colours (149, 144) ; a solution coloured reddish- 
yellow by H2Cr04 becomes green ; and a solution coloured green by 
H2Mn04 or purple by HMn04 becomes colourless. 

427. If on boiling the filtrate or solution after passing RgS a yellow 
precipitate forms, this shows the presence of an arsenic or a stannic 
compound ; in this case pass HgS into the boiling liquid as long as it 
causes any further precipitate, filter off and add this precipitate to any 
precipitate already obtained by HgS to be examined by Table H. 

428. SiOg and other substances may be present in this residue, but 
SiOg is distinguished from them all by readily dissolving in hot KHO 
solution. 

The other substances which may remain undissolved by HCl are 
AlgOg, FcgOs, CrgOg, rendered difficultly soluble by the ignition to which 
the residue has been subjected ; they are dissolved by long- continued 
heating with strong HCl, and the solution is added to the other solution 
which is to be examined for Group II La. 

BaS04 and SrSO^ may also remain undissolved ; they are detected by 
heating some of the residue strongly for a short time in the inner blow- 
pipe flame upon a loop of platinum wire, then moistening the loop with a 
drop of strong HCl and holding it in the outer part of the Bunsen flame ; 
crimson-red flashes, appearing red through the indigo-prism prove the 
presence of Sr, a yellowish-green flame coloration shows Ba. 

A less ready method of detecting Ba and Sr is to dry the insoluble 
residue, fuse it on platinum foil with three or four times as much fusion 
mixture ; allow it to cool, then boil with water until the mass is dis- 
integrated, filter, wash the residue well upon the filter, and examine 
it by Table IV. (438) for Ba and Sr only. 

429. Mn and Zn are very liable to be precipitated with FcgHog, 
AlgHog, CrgHog. The precipitation of Mn is partly prevented by keep- 
ing the liquid from exposure to the air after adding AmHO : but the 
further precaution should be taken of dissolving the precipitate produced 
by AmHO in HCl and reprecipitating it by AmHO, then filtering and 
adding the filtrate to the original filtrate from the Group III. A pre- 
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cipitate : this treatment of the precipitate should be repeated several 
times, if small quantities of Zn or Mn have to be looked for in presence 
of Al or Fe ; or better still Groups IIL A and III.B may be precipitated 
together (459) and the precipitate examined by Tables IILc (464, 466). 
See rules (463). 

480. The filtrate or solution, after adding AmCl and AmHO, may 
be coloured bltte by Ni, or reddish-violet by Cr^Hog which is dissolved 
in the excess of AmHO . 

The Cr,Hog must be removed before proceeding to examine for the 
three remaining Groups ; it is readily separated as a pale-green flocculent 
precipitate by boiling the liquid for a short time in a porcelain dish, 
adding a little more AmHO if the liquid does not smell of NH3 after 
being boiled for a short time ; this precipitate is filtered off, and the 
filtrate, which is colourless if the Cr has been entirely removed by 
boiling the liquid sufficiently long, is further examined for Groups 
in.B, IV., and V. by the General Table. 

The coloration due to Ni differs from that caused by CrjHog in not 
being thus removed by boiling the liquid. 

481. A broum or dark coloured filtrate shows that Ni is present*, 
some of the NiS precipitated by Am^S having been dissolved in the 
excess of AmjS and giving the filtrate its dark colour. If this colora- 
tion is noticed the filtrate should be poui'ed into a porcelain dish and 
boiled, occasionally adding water if necessary, until on removing the 
lamp for a short time the black NiS settles, leaving a colourless liquid. 
The liquid is then run through a small filter and the black precipitate 
tested for Ni by fusing a portion of the filter-paper stained by the NiS 
in a colourless borax-bead : if a bead is obtained, which when heated in 
the outer flame is violet or hrovm whilst hot and yellow when cold, and 
which becomes grey or opaque in the inner flame^ Ni is certainly 
present and need not be further tested for in Table III.B. 

The colourless filtrate is examined by the General Table for Groups 
IV. and V. 

432. Part of the precipitate produced by AmjCOj often adheres firmly 
to the inside of the vessel in which it has been produced, in this case 
rinsd the tube out sdveral times with distilled water and then dissolve 
the precipitate by pouring in some hot HA, causing it to run over the 
inside of the tube, and add this solution to the HA solution of the 
AmgCOg precipitate made in Table IV. 

* If Groups III. A and III.B have been precipitated together by AmCl, 
AmHO, and AmgS added in succession (459) the brown coloration of the 
filtrate may also be due to 02^05 : on boiling the filtrate coloured by 
CrgHog in a porcelain dish for several minutes, pale green CrgHog is pre- 
cipitated, which cannot -be mistaken for black NiS. 
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433. TABLE I.— SILVER GROUP. 
The precipitate produced by HCl may consist of PbClg, 
AgCl, and Hg'gClg : the precipitate on the filter is washed 
five or six times with boiling water, the first portions of the 
washings being kept apart : — 



The first portions of the 
washings may contain 
PbCU in solution, 
which if present in any 
quantity will be de- 
posited in brilliant 
crystals on cooling. 
fTest for, or confirm the 
presence of, Pb, by add- 
ing to the washings 
K2Cr04 : a yellow pre- 
cipitate readily soluble 
in KHO shows :— 

Presence of Pb . 



Residue : pour upon the precipitate on the filter 
some hot AmHO; when this has run through, 
heat it again, and pour it once more upon the 
filter :— 



Filtrate : add HNOs 
until the liquid is 
acid : a white preci- 
pitate uniting into 
curdy particles 
when shaken or 
boiled shows : — 

[Presence of Ag . 



Residue on the filter is 
black : dry at a gentle 
heat, best in a steam- 
bath ; scrape the precipi- 
tate off the filter, mix 
with some dry NasCOs, 
and heat in a sm&a. 
ignition tube (147). 
Globules of Hg form 
on the sides of the 
tube, often appearing 
only when the inside of 
the tube is rubbed or 
examined with a lens: — 

Presence ofHg' (Mer- 
curosum). 



434. Table G. —Examination of the Precipitate fobmed on 
BOILING the HCl solution WITH HjSOj. (See par. 424.) 

The precipitate produced by HsSOs may contain Au, PbS04, BaS04, and SrS04 ; 
the last three substances are perfectly white, and Au, if present, is therefore 
usually seen by colouring the precipitate brown or black ; the Au is also usually 
visible during precipitation by H2SO,, or after the white sulphates have subsided, 
since it colours the liquid blue by transmitted and reddish by refiected light. 

£a and Sr can often be at once detected, if present, by taking a littte of the 
moist precipitate on a loop of platinum wire, heating in the inner blowpipe flame 
for some time, moistening with HCl, and examining the flame coloration ; but a 
more trustworthy method of proceeding is the following :— 

Rinse the precipitate into a small porcelain di^, using as little water as pos- 
sible ; dissolve in the^liquid a small crystal of HjT or add a few drops of strong 
HA ; then add AmHO until it is just in excess, and boil for a short time, let 
stand and decant through a filter ;— 



Solution 



may con- 
add 



taiji PbS04 i 

HA in excess, 
then K2Cr04 ; a 
yellow precipi- 
tate soluble in 
KHO shows :— 

Presence of Pb. 



Residue: pour upon the residue in the dish a littie 
HCl and a few drops of HNO3, heat to boiling, let 
stand, decant into a porcelain dish : — 



Solution : boll until the 
smell of 01 is removed; 
add several drops of 
fresh FeS04 solution ; a 
blue coloration and red- 
dish precipitate show: — 

Presence of Au . 



Residue: dry by gently 
heating the dish, fuse 
with flision mixture on 
platinum foil, and ex- 
amine the mass for Ba 
and Sr as directed in 
the last part of (428). 
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435. TABLE IL— COPPER AHD 

The precipitate produced by H^S in the HCl solution, after having 
washing water, collected in a testrtiibe, give no precipitate or only 
the filter and boiled with KHO or a email quantity of Am^S", and 
GROUP ILa.— COPPER GROUP. 



oDtjJn Hgaj1>a, H^,, CnS, Cda.^ Afmrhsvhi? washed HiB 



^ , ba, Ei~S„ I 

. .. _ tlodrain.rerouve Itiroti . 

poor Dpon it strung n\D, anfficlent to cover It completely, Bnd heat gen tlj- na lone i 
uiyred faoisB come oir. adding more itrong HXO.tt aBi:uaaai7 to prevBut evaporafioi 
todryneM. Boll nlTnearlj nil thoaiilJ, tdd alittlo water and dilute Hj«0,, let atom 
For some time, ittrriuFf ucciuliiiiaLly, and flltcr :- 



BamoTe the pndpltate Into a 
noTMUn dlah, lulng as 1! tUe 
vatarMpoulble; nSii aUHle 
HZ, then AmBO In eiocu, 
botfandtUtac:— 



Raidue: dty on 
the 01t«F St n 
nentlf] heHt, 

Bcrspe the dried 
reeldne oil the 
alter (note S), 
and heat It, 



ot Hi form on 
(hfl iTdee oT the 



II traces ot Cn have to be 



FOtratr may contain Hi, Co, Cd. 

Add AmUO in olceis, twH i 
[Xotr.—A hint! coloration ahows i 



dark blue tc 

St..™ 



diiUUed water, 
a mllkhioH ap* 
poaring at onee 



lipltatB produced 
tlwBya lie tested 



I teat-tuho. pour c 



'ote. — U thla 
wlpitate Is 

B note 3) ; 
er tt oJF, holl 
iOOG mora with 
SO,; filter and 
t the eitmte 



^ ■hoUldbeBUbstltDtedlorAniiS, since CuSls 



JVofel.— A uiAife residue does not neceBsarily show the absence of Hg. 

Note 2. — If the amonnt of the roBidne ia too eniall to be removed, 
the portion of the paper containing it niay be cut up and mixed with 
Na,COj. Fortbe precautions requisite in performing this test see (147). 

Nole 3. — Unlesa thia precipitate is filtered in a covered funnel, waahed 
quietly, and eramined at once, CuS is liable to ba oxidised and to paaa 
into the filtrate as CnSOj ; it then discoloms the CdS precipitate, or 
may be entirely overlooked if present in small quantity. It is well to 
pour a few drops of H^-water into the funnel with each fresh addition 
of washing water. 



435 6.] 
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AESENIC GEOUPS. 

been well washed with hot water until the last few drops of the 
a very slight milkiness on addition of AgNOg, is removed from 
filtered : — 



GKOUP II. B.— AESENIC GROUP. 



The filtrate may contain As^Sj, SboSg, SnS^, SnS, [AU2S3, PtSg]. Add to it HCl until it 
is acid, and pass H2S unless the liquid smeUs strongly; the above: sulphides if 
present will be reprecipitated ; a mere milkiness due to precipitation of S may be 
disregfu^led. 

The precipitate is filtered off and examined as directed in 435 2> (see note 4, 
below) :— 

485 &• Kemove the precipitate from the filter into a porcelain dish, usinf? as little water 
as possible ; add a little strong HCl and heat, occasionally dropping in a crystal 
of XCIO3, until the precipitate dissolves entirely or leaves only a slight residue of 
sulphur. Heat this solution just short of boiling ^note 5) until it ceases to smell of CI 
(note 6), then cbol it and pour it, through a filter if necessary, into a small flask (181) 
containmg pieces of pure Zn: if the gas does not come^ff readily, add a little strong 

HCl, and cause the gas after passing through some PbA2 solution (see caution 181) to 
bubole through some AgNOa solution contained in a broad test-tube. As soon as 
the evolution of gas slackens, drop in more Zn, unless some remains undissolved in 
the flask, and as soon as the gas ceases to come off. some Zn still remaining undis- 
solved, remove the test-tube containing the AgNOa solution ; if any black precipi- 
tate has formed in this solution it must be examined as below; if the liquid has 
remained clear and colourless it may be rejected, since As and Sb are absent. 



Residue in the flask may consist 
of Sn, (Pt,Au), and excess of 
Zn; remove any deposit of 
Sn by shaking the pieces of 
Zn well with the liquid and 
quicldy pouring off into a 
diiA, decant the liquid and 
wash the Sn by decantation 
in the dish : boil the residue 
with a little strong HCl in a 
test-tube, then quickly dilute, 
decant (note 7), and add 
HgCl2 to the solution; a 
white precipitate, becoming 
black with AmHO, shows :— 
Presence of Sn (note 8). 



To the liquid in the test-tube add several drops of 
AgNOa solution, filter :— 



Precipitate: wash well with 
boiling water until HCl 
gives no milkiness with 
the last few drops of the 
washing-water, then pour 
upon the filter a_ little 

boiling dilute H2T solu- 
tion, boil it and pour it 
again through the filter ; 
repeat this several times, 
then add to the solution 
HCl and pass H2S; an 
orange-red precipitate 
shows :— 

Presence ofSb, 

Note.—TYds precipitate is 
often only seen on settling 
from the yellow liquid. 



Filtrate: dilute several 
drops of AmHO largely 
in a test-tube and add 
this liquid drop by 
drop to the filtrate : a 
light-yellow precipi- 
tate, which settles in 
flocks on shaldng the 
liquid, shows:— 

Presence of As (note 8). 



somewhat soluble in Am2S ; but Sn"S and AujSa are much more readily soluble in AmgS 



NoU 4.— The detection of As, Sb, Sn by the method given in (435 h) is 
very trustworthy and delicate (208); it is excelled in these respects by 
the method in (210). Tor beginners, however, the process (209) is 
recommended by its greater simplicity. 

Note 5.— The solution must not be heated to boiling, else SbClg or 
SnCl4 might be volatilised if present. 

Note 6.— In this solution As and Sn will be present as stannicim and 
arsentcwm, and in this state are not well suited for detection : the 
following modification makes their detection much more rapid and 
certain , especially when they are present only in srciaXS. oj^^asiJcsJc^ . ^5^ja3«. 
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narming nDtil the liq^uid ceasea to smell of CI, add HoSOj drop by 
drop, until the liquid after beiDg wanned for a short time smelle of 
SO, ; then heat it short of boiling until the smell of SO, is removed, 
and pour, through a filter if socessarj', into tile H-apparatus, Great 
care must be taken to remove the SO, entirely, else 8h and As znay 
remain aa Bulphidea in the H-apparatus. 

Note 7. — A residue here will contain Au or Pt if they are present : if 
they are to be tested for refer to (478, i74). 

Note 8. — The precipitation by Hj8 in the General Table will often 
show in what conditioa As oiSn were present (427): further distinotive 
tests maybe tried on the original solution by (187-190) and (201-203). 

436. TABLE IILa.— IRON GROUP. 

The precipitate produced by boiling, after addition of AmCl 
and of AmHO in excess, may contain Al^Hog, Cp^Hog, 
Pe^Hog : the colour of the precipitate will usually show 
■whether it contains any quantity of Fe^Hog (leddish-brown), 
or Cr^Hog (palo green), since ALjHog is coloxuless. 

Dissolve the precipitate by pouring upon the filter a little 
boiling dilute HCl, add to the solution pure KHO or NaHO 
until the precipitate remains after stirring, then add KHO or 
KaHO in considerable exceaa, boil for some time and filter : — 



therboluaelaaponie- 
iBln dish aod Cbcn re- 
mo<ed Dt fUtraHnn. 
M.A aCroiur HDl grndu- 
aUytotbeUquiddrop 
tiy drup : a coIoarleBB 
Kelatinaut preulpltsle 
wiU form, ihoifld Al 
be preteat If acid 



nolvea, 



1 In ( 

precipitate dis- 
- 'It roappaara 

fhe appear- 



tllj upuu tlie filter, carefullj avoiding ctiamns the 
paper: vben BUlHcleDtly dried the eubstancu win 

coloored pieces 1 detach these from tile tUter and 
fuH them with a little solid Na^O, and KNO, 
upon a pleoe of platinum foil, dther supported 
npon a pipeclay triangle or held in the Buneen 
flame by uruclbla tonga. Continue the fusion 
liy heating the under surface ot the foil la the 
blowpipe flame at long as an; frothing; ocoure, 
then alSow to cool; a yellow boss indicates the 
preBenoo of Cr (note 1). Boil the platinum foil 
In a small poroeUin dUh ivitli vater until the anb- 
atauce is eottrely dissolved or only a darl" ^ — ^ — 
powdor{FeJ>j)ren)«in— ""—'-■ '— - 
toll, allow the poinJe 
liquid thiongh a mier: 

3. K!<TOM»nihejBllo»li 



diah; disa 
InglnaU 
tioUIng, 



»r= 
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Note 1. — If Mn was present in the original substance, it is often pre- 
cipitated more or less completely with the Fe, and will be detected by 
imparting to the fused mass a bluish-green colour; this should be 
noted, as the Mn may possibly be entirely precipitated in this group, 
and will then not be detected in the next group. 

Note 1 a. — The green colour, due to the presence of Mn, conceals the 
pale yellow colour due to Cr ; but on dissolving the cool mass in water 
and boiling with HA, the manganese coloration is destroyed ; and, on 
filtering from any dark-coloured precipitate, the yellow colour due to 
Cr becomes evident. 

Note 2. — Cr may have been present as a chromic salt, Cr replacing 
H in an acid; or as a chromate, Cr being united with to form an acid- 
radicle. Ascertain in which state it was present by boiling some of 
the original substance with NagCOg solution and filtering; a yellow 
filtrate, which on being acidified with HA gives a yellow precipitate 
with PbAa, shows that Cr was present as a chromate; Cr, previously 
combined with an acid as a chromic salt, remains undissolved as green 
CrgHog, and does not colour the filtrate : it is found by 2 in the above 
Table. 

Note 3. — Fe is always detected here in the ferric condition, since, 
even if originally present as ferrosum, it will have been oxidised by 
boiling with HNOg as directed in the General Table. To ascertain in 
which condition the Fe was present, boil some of the original substance 
with HCl, and divide the HCl solution, after filtering, if necessary, into 
two parts : to one portion add KgFegCyu, a dark-blue precipitate shows 
presence of Fe" {Ferrosum) : to another portion add KCyS, a blood-red 
colour shows presence of Fe'" {Ferricum), 
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The precipitate produced by AnigS in the solution or in 
the filtrate from Group III. a, may contain ZnS, MnS, NiS, 
CoS. The colour of the precipitate will usually show whether 
it contains any quantity of NiS or CoS which are black, or 
consists only of MnS (pink) or ZnS (white). 

The presence of Ni, indicated by the filtrate after boiling with 
AmHO in the General Table being blue in colour, and also by a dark- 
brown filtrate being obtained after boiling with Am^S, will usually 
have been proved to a certainty by the examination in the borax-bead 
of the black NiS, precipitated by boiling the dark-brown filtrate from 
AmgS (431); if Ni has been thus found its further detection in the 
AmgS precipitate, as directed below, will be unnecessary. 
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Remove the precipitate from the filter with cold dilute HC 
allow the liquid to stand, occasionally stirring it well. The pre 
case the milky liquid may be at once examined by 2 (below), or i 
by 1 (below), the filtrate being examined by 2 : — 



1. Residue (blacky may contain NiS, CoS . 
ExanUjiation by the borax bead. 

Fuse a smidl quantity in a clear borax bead in the extreme tip of the outer blowpipe 
flame, note its colour; then fuse the bead for some time in the inner blowpipe 
flame, and again observe its colour. Any one of the following observations may be 
made: — 



Blue bead in both 
flames shows : — 
Presence of Co . 

Co need not be further 
tested for, but if any 
doubt exists as to the 
presence of Ni the 
rest of the residue 
must be examined as 
below. 



Brown or yellow beady 
when cold after fusing 
it in the outer flame, 
which becomes grey or 
opaque in the inner 
flame, shows Presence 
of Ni, Absence of Co. 

Unless mere traces of Co 
have to be tested for, 
no further examina- 
tion need be made. 



A bead which is neither brown 
rwr blue, but of some inter- 
mediate hue on coolii^ 
from the outer flame, indi- 
cates the probable presence 
of both Co and Ni . 

Examine the remainder of the 
black residue as directed 
below forNi and Co, or for 
Co alone if Ni has beoi 
already detected by (431). 



Further examination of the regidwe.— Rinse the residue from the filter into a porcelain 
dish, using as little water as possible : pour in a little strong HCl and boil for 
some time, adding occasionally a small crystal of ECIO3, until the black residue is 
entirely dissolved or only a small quantity of dark sulphur remains ; then boil 
down nearly- to dryness, a blue liquid shows presence of Co ; dilute with a litUe 
water, filter if necessary into a boiling-tube and pour in KCy solution slowly until 
the precipitate formed at first is just redissolved, boil briskly for several minutes, 
and add much strong Na2Cl20, or make decidedly alkaline with NaHO and add 
much Br-water ; heat nearly to boiling, and allow the liquid to stand at least ten 
minutes, filter (note 1, page 237) :— 



3. Precipitate (black)', wash, 
and confirm the presence of 
Ni by fusing some of the 
precipitate, or the paper 
stained with the precipitate, 
in a borax bead in the outer 
and inner blowpipe flames : 
ahead yellow when cold, be- 
coming black in the inner 
flame shows : — 
Presence of Ni. 



Filtrate must be warmed with more Na^CljO or 
Br-water, and flltered from any additional preci- 
pitate which may form, then evaporated to dry- 
ness and strong HNO3 poured upon the residue as 
long as any frothing is caused ; this is then eva- 
porated just to dryness, the residue dissolved in 
water, excess of KHO added to it, and any precipi- 
tate flltered off and fused into a borax bead, taldng 
the paper stained by the precipitate if the precipi- 
tate is not easily removed : a blue bead shows:— 
Presence of Co. 



i 
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The precipitate produced by AmgCOg may contain BaCOg, 
SrCOg, CaCOg : it is to be well washed with boiling water. 
Before dissolving the precipitate off the filter much may 
usually be learnt by an examination of the flame coloration 
yielded by the HCl solution (see 1 below). The results thus 
obtained are afterwards confirmed in the wet way (see 2 
below). 
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in the way described in par. 26 c; take out the paper and 
cipitate will either dissolve, leaving only white sulphur, in which 
black residue will be left which must be filtered off and examined 



U may uoulain Zd, Mn. 



ille, ^hea add 



but ritpitHy darken* in tbe 
air, Fuu a portion of It 
wltb BuUd NbCOi Uld 
ENO. on plBtlnum-toU ; a 
blulah-greea tnau 1b ob- 
tainsd on caaUna, sbunlUK: 

Praaaei^iln. 

Note.— Via laay taie buo 

orlKiuiHy present bUIibi' re- 

placius H In on acid, or oom- 

bined wlUi O Ba au acld- 



the ZdHd, 1b pieclpltatad on 



la Da and eacape n 

iatly poBfilble t~ " 
.....n to predpllnt 

m in qUBatity 



a ol ZnHo, in NbHO 



to moke tho iiunld acid. 

,-r ,„.,.«dbyponring iha llqnid 

dooblB filter and tJieu be dlaaolved oB the 
J.lie sides or UiB boiling tube by a little 
A, Zna may ha prec^ttatfld perftetly mlu'li 



M/te 1. — If tMa precipitate adheres to the sides of the boiling tuhis, it is 
(lissolvod, after the liq^utd has been emptieil out, by pouring in a little 
boiling HCl ; from this solntdon the Ni is precipitated bj addition of KHO, 
and the preeipitflt*: flltBreil off and teatsd by the borax bead for Ni . 



1. ExaminatioK liy jiame coloration. — Take a small 
quantity of the precipitate off the filter upon the end of a 
glass rod, and dissolve it by moving the end of the rod 
about in several drops of HCl on a watch glass ; dip into 
this solution a loop of platinum wire which imparts no 
colour to the flame, then hold the loop for some time in the 
Bunaen fame, repeatii^ the process if the coloration is not 
satisfactorily observed at first Ca will impart to the flame 
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a yelloicish-red colour, Sr a erinisoii-reil, Ba a yellowishrgreen. The 
ing the flamo through tho indigo-pnsm ; the Ga coloration then 
6a is usually found by its coloration remaining after the others 
their colorations are apt to interfere with one another ; but if at 
tainly present ; if a green coloration is visible without using the 
2. Examination in the tcet way. — The rest of the precipitate is 
again boiling tho liciuid, and pouring it once more through, the 
the solution is acid, and if it is not, add HA whilst stirring until 
solution into a test-tube, and put by the larger portion (^B). To 
part of the tube in cold water or holding it in a stream from the 
cipitate forms refer to Column I. (below) ; if no immediate precipi- 
fomis refer to Column II., if no precipitate forms even after 



I, An immediate precipitate is 2^roduced by CaSO^ in the cold, shotoing 

Presence of Ba . 
rortion (B) must then be tested for Sr and Ca which may also be pre- 
sent : examine it as directed below : — 
Add K,Cr04 solution until tho colour of the liquid is reddish-yellow ; 
heat, and filter through a double filter-paper, pouring the filtrate 
through the same filter repeatedly if necessary untu the liquid is quite 
clear ; then add to the liquid, which must be orange-red in colour, 
AmHO until the colour changes to pale yellow, then add AniaCO, 

solution : — 

1 


No precipitate forms, 
showing : — 

AbscTice of Sr aivd 

■ Ca. 


A 2jrecnpitate forms, showing Sr, Ca, or both of 
them, to be present. Add to the liquid AmgCOs 
in excess, filter, reject the filtrate and dissolve 
the precipitate off tho filter in as little boiling 
HA as possible ; pour off a small part {A^ of 
this solution, reserving the larger portion (b). 
To (A') add CaS04 solution and boil : 


No precipitate forms : — 

Absence of Sr. 
Examine portion (B^) for 

Ca as directed at (C) 

in' Column III. 


A precipitate forms : — 
Presence of Sr. 

Examine portion {B') 
for Ca as directed at 
(C), Column II. 



439. TABLE V.— 

* 

The filtrate, after addition to the original solution of all the group- 
Since, however, NH^-salts have been added as group-reagents, it is 
boiling a portion of the original substance with KHO solution, and 
cognised by its smell or its action on moistened red litmus-paper, 
it will have been already tested for in the preliminary examina- 
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red colorations yielded by Ca and Sr are distinguished by view- 
appears dingy-green, whilst the Sr coloration still appears crimson ; 
have disappeared. When all three metals are present together 
any time a red colour is visible through the indigo-prism, Sr is cer- 
prism, the presence of Ba is proved. 

dissolved oiff the filter by pouring upon it a little boiling HA, 
filter if the precipitate is not entirely dissolved. Test whether 
the liquid is acid, then pour off a small portion {A) of the acid 
the portion {A), after it has been cooled by immersing the lower 
tap, add several drops of CaSO^ solution ; if an immediate pre- 
tate forms heat the liquid to boiling, and if a precipitate then 
several minutes refer to Column III. 



II. A precipitate is not formed at once on 
the addition of CaSO^, hut appears on 
boiling the liquid^ shovnng : — 
Absence of Ba and Presence of Sr. 

C. Portion (B) is then examined for Ca 
as directed below : — 

Add dilute H2SO4 in excess, boil and filter, 
reject the precipitate ; add to the filtrate 
several drops more H2SO4 and boil ; if 
this causes any precipitate boil and filter, 
and again test the filtrate by addition of 
H2SO4 and boiling : repeat this process 
if necessary. To the clear filtrate, which 
gives no further precipitate on addition 
of H2SO4 and boiling, add gradually 
AmHO until after mixing the uquid by 
thorough stirring or shaking, it turns red 
litmus-paper blue, then add Am2Ca04 
solution and warm gently ; a white pre- 
cipitate, often appearing only after a 
time, shows : — 

Presence of Ca . 
(See Note, Column III.) 



III. No precipitate is pro- 
duced by CaSO^f even on 
boiling f showing: — 
Absence of Ba and Sr, and 

Presence ofCa. 
C. Confirm the presence of 
Ca by making portion {B) 
alkaline with AmHO 
(35 a), then add Am2C^04 
solution ; a white precipi- 
tate forms, showing : — 
Presence of Ca . 
(See note below. ) 

Note. — If mere traces of Ca 
have to be tested for, the 
filter-paper used in the ana- 
lysis must first be freed 
from any traces of Ca it may 
contain by wetting it with 
dilute HCl, and then tho- 
roughly washing it with 
distilled water, as described 
in the note to par. 23a(p. 45). 



POTASSIUM GROUP. 

reagents in succession, may still contain Mg, K, Na, and NH^. 
useless to test for NH^ in this filtrate : i^H^ must be detected by 
ascertaining whether any NH3 gas is evolved, which would be re- 
It is, however, usually unnecessary to test here for NH^, since 
tion (390). Proceed to examine for Group V. as directed below^ 



240 TABLE V. — POTASSIUJI GROUP. [439. 

Evaporate the filtrate from Group IV. to dryness in a porce- 
lain dish, scrape out the solid residue and heat it to redness 
upon a piece of platinum foil in the Bunsen flame aa long as 
any white fumes are seen to be given oiF on removing the foil 
for an instant from the flame (note 1). All llTH^-compounds 
are thus entirely removed. If any residue remains (note 2) it 
is to be dissolved by boiling the foil in a teat-tuhe with a small 
quantity of water to which several drops of dilute HCI have 
been added. Divide this solution into two equal parts : — 






EXAKINATIDM FOH Mf. 

'Bsfore UMIdk (ur Mg 111 ul 
dJ thU lolutlon iitjii DDCoaiary t 
reniare troin it aaj tiBc» ol 6l 
8r, or C« whlclirlt may poisihl 
conUIn ', and which mljjiE elaa h 
mlrtiken for .Mg . 

Add, UmrafDre, mtbihI drojii < 
^SO, to tlie l[i|ul_d, boU foro shot 



exc«H, then wvenl dropi _. 
AiOfCMt, u>d Hum geatlj' : If aof 
praolplute hu formed proceed Co 
nitar at once u oulcUy ai poHible. 
To the liquid fn wblcb tbs wialtlan 
or Bi90,, AmCI, AmHO In eiceu, 
and Ain.CuOi canaes no lurthei 
pnclpltate add Ns^HPO^, nud il 
no pi^pltate forma at once rarni 
geiitlr, iluilie or bUt the llijuld 
■rtolonUj and let It atand for some 
time : a wbite cryBtalliDe predpl- 



*-fMa. 



EXAUlJIATIO.'i F! 

In tba other poii 



If K and V%, and 



juiurntiuij — Dip Iiito the sola- 
loop of platinum wire which 
in proved nhen held in a Bon- 
ne not IQ Impart any colour to 

one of the lollDWinE reeults 



coloration. Indicat- 
ing tba jtnefiice t'f 
Xa (note 3). 

tlon tbiDoeli the 



,t U uauRl to confii-ni the reeultB ot the 

lij pouring tbi 

BBVeral drop nt ficir'(note 
stlning well lor some tuue : 1 



"Remorki (47)," itnd Note '■ 
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Note 1. — If the residue is small in amount it may be ignited in the 
dish ; but this is not to be generally recommended, as the porcelain 
dish is liable to be cracked by the heat, and it is also difficult to get 
entirely rid of the NH4-salts by heating only in porcelain. 

Note 2. — It is not safe to place much reliance upon an examination 
of the foil for the detection of a small quantity of residue, but it may 
usually be detected by its producing a crackling noise whilst the foil is 
cooling immediately after its removal from the flame. Should there be 
any doubt, the foil must be boiled with water and a drop of HCl, and 
the solution examined for Mg, K, and Na, as directed above. 

Note 3. — A yellow coloration, more or less intense, will almost 
always be obtained here, since nearly all substances and reagents con- 
tain small quantities of Na ; hence the student must note the intensity 
of the coloration, and judge from it whether the quantity of Na is small 
or large ; he must then enter accordingly, either ** Presence of Na," or 
* * Presence of trace of Na. " 

Note 4. — If iodine is present, PtCl4 will produce an intense red colora- 
tion ; hence if iodine is suspected to be present, before adding PtCl4 
the above solution should be evaporated to dryness with a little strong 
HNOg, the residue dissolved in a few drops of dilute HCl and tested 
with PtCl4 for K . This is of course unnecessary if, before precipitating 
Group III. in the General Table, the solution has been evaporated to 
dryness with HNOg . In case of uncertainty, add PtCl4 to a drop only 
of the above solution ; and if iodine is found to be present proceed as 
directed above. 

Note 5. — Mere traces of K and Na may be detected by adding 
PtCl4, and evaporating the liquid to dryness in a porcelain dish upon 
a water-bath (504) ; then pouring absolute alcohol into the dish and 
stirring ; any yellow residue shows presence of K, the solution giving 
the pure Na coloration if Na is present. By filtering off the yellow 
residue and washing it with absolute alcohol, it will yield the pure K 
flame coloration. 



EXAMINATION FOR ACID-RADICLES. 

440. Several acid-radicles will probably have been already 
detected for certain, if present, by the preliminary examina- 
tions. Such are CO3, SO3, S, NOg, CIO, JSTOg, CIO3, A : 
their reactions are so characteristic, that unless interfered 
with by the presence of other substances, their presence or 
absence will have been proved to a certainty : in case any 
uncertainty is felt, the analyst should refer to the reactions 
given in Section IV. for the particular acid-radicle in question 
and select a reaction which will be decisive. 
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The examination for metals also frequently yields proof of 

the presence of certain acid-radicles. Thus on passing HgS 

into the HCl solution : — 

\ reddish-yellow solution, becoming green 

and depositing white sulphur, shows Presence of CrO^ 
A green solution, becoming colourless „ Presenceof (MhO^)" 
A purple solution „ „ „ Presence of (MnO^)' 

A yellow precipitate of AsgSg, appearing 

only when the liquid is boiled, shows Presence of AsO^ 
An insoluble residue of SiOg, after evapo- 
rating to dryness the filtrate from the 
HgS-group, shows : Presence of SiO^ 

And a yellow precipitate obtained with 
AmHMoO^ before precipitating Group 
III., shows : — Presence of PO^ 

The presence of any of these acid-radicles thus detected 
will require no further confirmation. 

44L Of the acid-radicles which remain to be tested for, 
some can be detected by the plan drawn out below (442-445) ; 
others are best detected by special tests made on the original 
substance (446-454). 

Much time and trouble may usually be saved by consider- 
ing what acid-radicles can possibly be present. A careful 
preliminary examination will usually have limited this 



443. 


1. Portion addiJUd with HCl. 


Pregent. 


On addition of BaClj solution a white precipitate in- ) 
soluble on boiling (444, 1) ) 

On addition of BaClo solution, a semi-transparent ) 
precipitate insoluble on boiling (444, 2) . . ' 

On addition of AmCl and Am^COs, a semi-trans- ) 
parent precipitate ) 

On addition of FeS04 solution, a dark-blue precipitate 

On addition of FeoCl« solution, a dark-blue precipi- ) 
tate : FeS04 yielding a light-blue precipitate . f 

On addition of Fe^Cl^ solution, a red coloration, ) 
destroyed by pouring into HgClj solution . 


(SO4)'' 
(SiFer 

(8iO,r 

(Fe^Cyij)" 

(FeCy,)«» 

(CySy 



F will be readily detected in this precipitate, or bett( 
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number considerably, and it may be further reduced by the 
knowledge already obtained as to the solubility of the sub- 
stance under analysis, and the metals it contains. A reference 
to the Table of Solubilities (455), and the explanatory para- 
graphs 456, 457, and 458 will show how this knowledge is 
applied. 

General Examination for certain Aoid-radiclbs. 

442. Before employing the liquid tests it is advisable to 
separate from the substance any metals other than K, ]^a, and 
NH4 which it may contain, since some of these are liable to' 
be precipitated by the reagents added for the detection of 
the acid-radicles. If alkali-metals alone are present this 
separation is unnecessary, since they are not precipitated by 
any of the reagents. 

This separation of the metals may usually be eflPected by 
boiling a portion of the substance with NagCOg solution, 
which must be added as long as it causes any precipitate. 
Filter from the precipitate, and divide the clear filtrate into 
five equal portions. Eeserve one of these portions in case of 
accident and a second for the tests for organic acid-radides, 
and acidify the others whilst they are hot by addition of HCl, 
HNO3, and HA respectively: examine these portions as 
directed below, using a separate part for each test : — 



II. Portion (uidified 

with HNOz 

Refer to (444, 3). 



>n addition of AgNO, 
a tmre white 
tate, easily 
AmHO (444, 



of AgNO,, \ 

'.te precipl- f 

soluble in f 

1,1). J 



)u addition of AgN0«, 
a light-^dLow precipi- 
tate, with dmlcalty 
soluble in AmHO 

>n addition of AgNOs, 
a yeUow precipii 
almost insoluble 
AmHO 

Elef er to (445). 




Present. 



a' 



Br' 



III. Portion (mdified 
with HA 



On addition of FbAj) 
solution a yellow pre- > 
cipitate . . ) 



On addition of CaCls so- 
lution a white gela- 
tinous precipitate 



} 



Present. 



On addition of CaCIz)! 
a white pulverulent V 
precipitate ) 



On addition of Fe^Cls a 
yeUowish-white pre 
cipitate (449, 450). 



'} 



(Cr04y 



F'", probably. 



(C2O4)"*, probably. 



(P04y", or(As04)' 



Q the original substance by (452), (0,04)" by (463). 



aU SnCULL TISTS [ill 11 3, 



4M, 1. rmkMt^XasCX>,«faxua«KdmpRfuii^tibe9aiatioiifor 
tkne toti m pare, 3i\ ' aiki '€! ^ if ^etRtcd, aaj kaT« bcem pre- 
•eai obIj m impurities in. tbtt SmJCO^ : poctioifei of ^e ■'"tjtimI sab- 
itiaee ftknoU tken be tnccd br 44<l ui 44r. 

2. TVe ytwmuoL of i^F^./^ slujci^i be caakrmed by odbertets, sBdi «s 
adding KCl (»)0»^ or eroiriB^ HF br sctob^ H^\ (^1>; ^e HP is 
soit na^j ewvlred frnm the BaSF« pmripisite 'SOI «>. 

2. Sboold AgSO^ field a bl«rk preopitate, this proves tiie presence 
of s folplude, or poanblj a thewwalphate ; add HZSTO^ and boil; the 
Uaek Ag^ win thm be decomposed, iesring a milkT bqnid, tn which 
aaj other precipitate is leadilj xen after being coagolated brheating^ 
or ihakiBg. 

4tf. It most be remembered that (Ct^, {TtCj^^, iFcjCt^)^ and 
(CjrS) are also pvecipftated by AgSO^ and therefbte if these aeid- 
ndides hare been abeadj found, a predpitate prodnced br AgNO, 
does not prore the presence of (CI/, (Br)', or {lY, which acid-nuiieles 
mnst be speeiaDj examined for, as directed below. 

If ehloride, bromide, and iodide hare all to be tested for, a portion 
of the XajCOj solotion must be examined bj (^3) ; or the i»ecipitate 
obtained bj AgXO, (see 443, IL) may be tested by (273 a) for a, 
Br, L 

If only bromide and iodide have to be tested fOT, use par. 274. 

Special Tests fob Acid-radicles to be made ox the 

Original Siibstaxce. 

446. SulpJiate. — ^A portion of the original substance is 
boiled with KCl, the liquid decanted or filtered if not clear, 
and BaClg added to it : a white precipitate shows presence of 

447. Cfdori/le, — ^A portion of the original substance is 
warmed with HNOg, the solution decanted or filtered if 
necessary, and AgNOg solution added to it, a perfectly white 
precipitate, easily dissolved by warm AniHO, shows presence 
of chloride. 

448. Cyanide if present will have been detected by its special 
test and by the smell of bitter almonds, which is given off by 
the subetance, after adding H2SO4 (411). Add to some of 
the substance AnigS in excess and boil ; filter from any dark- 
coloured precipitate, boil the filtrate for a short time, acidify 
with HCl and add FcgClg ; a red coloration, not destroyed by 
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heat but removed by addition to HgCla, shows presence of 
Cy, possibly as (FeCye)^% (^egCyia)^, or (CyS), if these 
acid-radicles have been found (443, 1). 

449. Arsenate, — This acid-radicle cannot be present unless 
As was detected during the examination for metals; the 
presence of (ASO4)'" ^ there rendered probable by the pre- 
cipitation of yellow AsgSg occurring only when the liquid 
saturated with HgS is boiled. If As has been found amongst 
the metals, proceed to test for (ASO4)"' by adding to a portion 
of the NagCOg solution (442) HCl until it is acid, then 
AmCl, AmHO in excess, and MgS04 j filter off any precipitate 
which forms on warming and shakmg the liquid, and pour a 
few drops of AgNOg solution upon the white precipitate on the 
filter, a change of colour to brown shows ^resewce of{AsO^"*. 

450. Phosphate. — Boil some of the original substance with 

dilute HNO3, add a little of this clear solution, filtered if 

necessary, to some AmHMo04 solution, shake and stir the 

liquid well, and if no precipitate forms warm very gently , a 

yellow precipitate shows presence of {P0^"\ 

If (A8O4)'" has been detected (449) this test for (PO4)'" is only trust- 
worthy when the yellow precipitate has been obtained either in the 
cold or by employing a very gentle heat. If any doubt is felt con- 
cerning the presence of (PO4)'", boil some of the substance with strong 
HCl, and examine for (PO4)'" after having entirely separated the 
(ASO4)'" ^y passing HgS into the boiling HCl solution. A doubtful 
precipitate with AmHMo04 may be proved to contain phosphate by 
dissolving it in AmHO, adding AmCl and MgS04, filtering and dropping 
AgNOg upon the precipitate, if phosphate is present it turns yellow^ ^ 
arsenate hrovm. 

451. Borate, — ^Warm a portion of the substance with a 
little dilute HCl, dip into the solution a strip of turmeric- 
paper and dry it in a steam-oven or at a gentle heat, if the 
slip is reddish-brown and becomes blue-black when moistened 
with AmHO, the presence of {BO^'" is shown. 

452. Fluonde, — Pour upon a portion of the powdered 
substance strong H2SO4 ; and warm the mixture in a leaden 
or platinum crucible covered with a watch glass, which has 
been coated with wax or paraflin, and has then had charac- 
ters traced through the film with the point of a penknife : 
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the choiscteie are etched upon the glass showing tfis preience 
o/K 

If SiOj is known to be present, the test must bo made by 
coodncting the gas, evolved on heating the substance with 
strong HjSOj, into dilute AmHO, when a deposit of gelatinous 
H.SiO^ proves the preaeace of F. 

453. Oxalate. — ^Thc precipitate produced by CaCl^ in III. 
(443), or the original substance if it contains no carbonate, 
is mixed on a watch glass with MnOj free from carbonate, 
and strong UgS04, and gently warmed : CO^ is evolved and 
detected by holding over the bubbles which rise from the 
mixture a rod moistened with lime water, or by inverting 
another watch glass containing on its under surface a drop of 
lime water over the glass containing the mixtuie. 

4fi8 a. Tartraie. — The presence of T will probably have 
been indicated in the Preliminaty Examination (3S8 or 
413). In order to confirm ite presence, any metals of 
Groups 1 , IL , and IIL must be separated by HjS or Am^S, 
and CaT is then precipitated from the liquid, made just 
alkaline with AinHO and mixed with a little AmCl, by 



455. TABLE SHOWING THE SOLUBILITY OF 
A blank ognifieB tliftt the solubUitf 



1. 

t. 

8. 

i. 

i 


OiidB. . 
Snlphicla . 

SSI'": 

Sulpluite. 
Nitrate . 
PhMphBte 
CarboDBte 
Borate . 
Areeolte . 

Chromate 
Flunriae . 

OlSlHtB . 


K. 


«, 


An< 


Mg. 


... 


Sr. 


Ca. 1 ffl-. 


pg". 


At. 


Cf. 


Zn. 


., 


JH. 


! 


a.' 


■VI. 




A 




ft.' 


A. 


■i. 


a! 

ft! 


a. 
a. 

a! 
a! 

T 


a. 
w, 

w' 

k 

a. 
a. 

a. 



Only tbe most connnonly occurring componnds are contained in 
this tahle, the Bolnbility of other substances may h« obtwned by refer- 
ence toStorer's "Dictionary of Solubilities." 

4S6. The table is thus amingeJ. : in a horizontal line at the head are 
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adding excesa of CaCL,, shaking well and letting stand for 
Bome time, A precipitate may consist of CaX, (\{F0i)2, or 
CaO. By sbaking this precipitate with cold KHO solution, 
CaT is dissolved and may be reprecipitatad from the solution 
or filtrate by diluting and boiling for some time : the liquid 
is decanted and the precipitate 13 then gently warmed with 
a bttle vejn/ dilvte AmHO and a crystal of AgNOj, a metallic 
mirror shows ^0 presence oJT. 

454, &tZ_pftide.— Very small quantities of S may be detected 
by boiling the substance with KHO for some time, and 
adding to the clear solution alkaline PbA^ solution, when 
a black precipitate or coloration will appear. 



The above directions must wily be considered as affording 
examples of bow the principle acid-radicles are detected. By 
reference to the individual reactions in Section IV. and to 
the directions there given for the detection of similar acid- 
radicles when occurring together, this method will serve for 
the detection of all the commonly occurrii^ acid-radicles. 



SUBSTANCES IN WATER AND ACIDS. 

is mtknown or imimpoi'tant. 





Co. 


Hff". 


«, 


m. 


», 


ed. 1 sb. s,>.". 


Sn"". 


AS". 


Ag. ] Bg. 


d. 
ab,. 

NO,. 

A>0,. 

T- 

CO,. 


i 

1 




«- 


H-.tl. 


i 


a 


Bl- 


^ 




t 


*.b. 




\ 


a'- 


wb.B-. 
w.b. 



placed tlie more commonly occurring metals, which peld salts or 
basic oxides; m the vertical column on the left ia a list ot that por- 
tion of the names of the compoonds thns formed, which correBponils 
to the acid-radicle : the same ere aUo placed in cbemical symbols in a 



248 USE OF THE TABLE OF SOLUBILITY. [457, 468. 

vertical column on the right The solubility of a compound is denoted 
by letters : — 

w. Signifies soluble in water. 

a. Soluble in acids ; the term standing for HCl, HNGj, and aqna 
regia. 
a>>. Soluble in muriatic, or hydrochloric add. 
an. Soluble in nitric acid, 
amn. Soluble in a mixture of muriatic and nitric acids, or aqua regia, 
but not in either separately, 
i. Insoluble in water and acids, 
w.a. Letters thus placed together with a stop between, signify that 
in different states the substance shows these different solu- 
bilities. 
w-a. Letters connected by a hyphen indicate that the substance is 
only slightly soluble in the first solvent, and may therefore 
partially faU under the class denoted by the second letter, 
w.b. Decomposed more or less by much water with formation of a 
basic salt which is insoluble in water but soluble in acid. 

467. To find the solubility of any compound of one of the metals 
placed at the top of the Table, glance down the vertical column which 
is headed by this element, the letter indicating the solubility of the 
compound will be found in a horizontal line with the acid-radicle 
portion of the name. Thus to find the solubility of zinc sulphate, it is 
only necessary to glance down the vertical column with Zn at its head : 
on a horizontal line with ''sulphate" (SO4) stands the letter w^ 
showing the zinc sulphate is soluble in water. 

468. The way in which this Table is used after ascertaining the 
solubility of a substance under analysis, and detecting the metals 
present in it, may be explained by an example. In a substance which 
was entirely soluble in vxUery the metals found were K, Ba, Ag. We 
glance down the columns headed by these three metals, and can thus 
see at once which acid-radicles may be present : all acid-radicles might 
be present combined with E since all its salts are soluble in water, but 
the presence of Ba in a substance soluble in water shows that SO4, 
PO4, COg, BOg, AsOg, ASO4, Cr04, and F cannot be present, since 
these acid-radicles form compounds with Ba which are insoluble in 
water : Ag excludes in addition S, CI, Br, and I ; hence amongst the 
more commonly occurring acid-radicles only NO3 need be tested for. 

This example shows how much we may often simplify the examina- 
tion for acid-radicles, when the metals present in a substance and also 
its solubility are known, by referring to the above Table. 
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EEMARKS ON THE PEECIPITATION OF 

GROUP III. 

459. In the Qeneral Table (419) it is assumed that in the 
absence of (PO^)'" the two Sub-groups IILa and IILb can 
be separated from one another by adding first AmCl and 
then excess of AmHO to the solution ; Group IILA alone 
being thus precipitated, and Group IILb being afterwards 
precipitated by adding AmgS to the filtrate. Now although 
AmCl entirely prevents the precipitation of Group IILb by 
AmHO, if the solution is kept covered from the air ; stiU if 
the members of Group IILa are present at the same time in 
the solution they are precipitated by AmHO, and the pre- 
sence of AmCl will not prevent Mn and Zn from being 
precipitated with them in smaller or larger quantity, Mn 
particularly showing a tendency to be precipitated with Fe, 
and Zn with Or. Hence if either Mn or Zn, especially the 
former, be present in small quantity only, it may be entirely 
precipitated in Group in.A : this is not a serious matter in 
the case of Mn, since it is readily detected in the ordinary 
examination of the precipitate by Table IILa by yielding a 
green mass on fusion with Na2C03 and KNOg ; but Zn may 
be entirely passed over, since if precipitated with CrgHog 
its presence would certainly not be detected in Table IILa. 
The method of dissolving the precipitate several times m 
HCl and reprecipitating with AmHO, to some extent meets 
this difficulty ; but it is preferable whenever a precipitate is 
produced on adding AmCl and AmHO, and traces of Mn 
and more particularly of Zn have to be tested for, to preci- 
pitate Groups IILa and IILb together, by adding in succes- 
sion AmCl, AmHO, and AmgS, and boiling. The precipitate 
is then examined by Table IILo (464, 465) for Groups IILa 
and IILb, the filtrate being examined, as directed in the 
General Table, for Groups IV. and V. It must, however, be 
understood that if no precipitate is produced by AmCl and 
AmHO, AnigS may be added, and the precipitate, if any, 
examined by Table IILb, since in the absence of Group IILa 
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the members of Group IILb. are not precipitated by AmHO 
in the presence of AmCL 

480. Tlie presence of {PO^'" in the HClsoltUion which is 
to be examined for Groups III., IV., and V. involves no 
special procedure if AmHO added after AmCl produces no 
precipitate, since the phosphates of Groups IIL and IV. and 
of Mg must be absent If, however, on adding AmCl and 
AmHO' a precipitate is formed, the directions given at the 
head of Table IELd (466) must be followed, and the precipi- 
tate must be examined by that Table. The reason for this 
departure from the ordinary course of analysis is that, whereas 
Al, Cr, Ba, Sr, Ca and Mg, if present as phosphates, are com- 
pletely precipitated by AmHO, the phosphates of Ni, Co, Mn, 
Zn and Fe, are only partially precipitated by AmHO ; their 
metals are however entirely precipitated by AnigS. The 
filtrate from Am2S is then examined as directed in the 
Greneral Table for Groups IV and V. 

The principles on which the method drawn out in 
Table in.D. is founded are : — 

1. The insolubility of the phosphates of Al, Fe and Cr in 
HA in the presence of an alkaline acetate, the other portions 
of the precipitate being soluble. __ 

2. The separation of all the (PO^)'" which is in the HA 
solution combined with Ba, Sr, Ca, or Mg, by FogCl^ in an 
HA solution. 

The further separation of Al, Fe and Cr phosphates is some- 
what complicated by the fact that AIPO4 is only decomposed 
by fusion mixture when SiOg is also present, and this SiOg has 
to be removed after the fusion by methods which will be 
intelligible on reference to (290, 291). 

461. The reason why, in obtaining the precipitate for 
Table III.d, the precipitates produced by AmHO and AmgS 
are filtered and washed separately, is that phosphates of Fe, 
Zn, Mn, Ni, and Co are converted by AnigS into sulphides, 
forming at the same time ammonium phosphate which 
remains in solution, and this would precipitate Ba, Sr, Ca, 
Mg as phosphates from the solution even if they were not 
originally present in that condition. Now this besides compli- 
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eating the process of analysis, would also render it impossible 
to state whether Ba, Sr, Ca and Mg were originally present as 
phosphates or not. Hence the phosphates of Groups III. and 
rV. and of Mg are first precipitated by AmCl and AmHO, 
then any members of Group IILb and any remaining traces 
of phosphates of Group IIL are precipitated from the filtrate 
by AmgS. The two precipitates are mixed and treated with 
AmgS, which will dissolve away the (PO4)'" from Fe, Zn, 
Mn, Ni, Co phosphates if present, leaving the other phosphates 
undecomposed ; hence, if on filtering and testing the filtrate 
with AmCl, AmHO and MgSO^ a white crystalline precipi- 
tate is obtained, this indicates the presence of (PO^)'" and 
indirectly establishes the presence in the original precipitate 
of phosphate of some one or more of the metals Fe, Zn, Mn^ 
Ni,Co. 

462. Oxalates, borates, fluorides, and silicates of Ba, Sr, Ca,. 
Mg would likewise be precipitated by AmHO in Group IILa;^ 
but by the evaporation of the HCl solution after passing 
H2S, H3BO3 and HF are usually volatilised, and HgSiOg 
becomes insoluble ; oxalates are also decomposed by a gentle 
ignition after evaporation. 



* * The best course to be pursued in precipitating and 



examining Group IIL will be found in (463). 
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RUIXS FOR THE PEEdPTTATTOX AXD 
EXAMIXATIOX OF GEOUPS IILa AXD HLbl 

TLe following rales ma j be 
iOMl deieetmg manhtm of &aapi TTT.a and IELb in ihb 
HCl ff^ntkn, a small poTtion ol which hfts been terted for 
<P0 J'" by AmHMoO^ :— 

L ^/A< additkm of AmHO after AmCl eautn no jjr»- 
fipitaiej ahewii^ the absence of Al, Fe^ Cr and of their 
pboaphateSy and of ph*>q>hales of Ba, Sr, Ca and M;^ Am^S 
in at onee added, the liqind boikd, and the piccipikatey if any, 
examined for memben of Gioup ULb by TaUe ULL& 
(437) : this coarse is pnrsned whether (POJ^ is prooent or 
abnenty since eren if phosphate is present, metals of Gionps 
IIL and IV. and 3ig are not [wesent as phosphates 

IL If the ofhlition of AmHO after AmCl causes a pre- 
dpitaie^ shewing the presence of Alj Fe^ Cr^ and (POJ'^ is not 
presetdy the plan of precipitation depends npon the object of 
the analysis. 

If small quantities of Zn need not be tested for, the method 
given in the General Table (419) may be followed. 

If traces of Zn haye to be tested for in the solution, add 
AmCl^ then AmHO and Am^ in excess, boil, filter, and 
examine the precipitate by Table ULc^ (464) or IILcj (465). 
The method described in Table ULc^ gives trustworthy 
restdts, and is to be used for very careful analysiB; the 
method in Table irLc2 ^ however much more simple, and is 
sufficiently accurate for general use. 

IIL If the addition of AmHO after AmCl causes a pre- 
dpitate, and {PO^'" is present, the method of precipitation to 
be adopted will be found in par. 466, together with the Table 
for the examination of the Group precipitate. 
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464. TABLE IILci.— THE SEPAEATION OF 
GEOUPS IILa and IILb BY BaCOa. 

The precipitate may contain Fe, Al, Cr, Zn, Mn, Ni, Co. 
Einse it off the filter into a porcelain dish, using as little 
water as possible, add some strong HCl and boil, adding at 
intervals a smaU crystal of KCIO3 until all is dissolved but a 
small quantity of yellow sulphur. Evaporate very nearly to 
dryness, dilute with a little water, and pour, through a filter 
if necessary, into a small flask. Cool, pour in a small quan- 
tity of BaCOg suspended in water, cork the flask tightly and 
shake well; repeat the addition of BaCOg and agitation 
until the precipitate is distinctly whitened by the excess of 
BaCOg : then shake well and allow the flask to stand by 
corked for at least fifteen minutes, occasionally shaking it 
vigorously. Let the precipitate subside, filter; wash the 
precipitate with a h'ttle cold water allowing the washings to 
run through into the filtrate, then wash thoroughly, rejecting 
the washing-water : — 



1. Precipitate may contain Fe, Al, 
Cr, and BaCOs ; dissolve it hi as 
little boiling HCl as possible; 
remove Ba from the boiling 
solution by adding dilute H2SO4 
gradually, until after allowing 
the precipitate to settle, a few 
additionsd drops of acid cause 
no further precipitate (Note 1, 
below) ; filter, add pure NaHO in 
excess to the filtrate, boil and 
filter: 



Pred'pitate : ex- 
amme for Fe 
and Cr by co- 
lumn 2, Table 
III.A (436). 



Filtrate : exa- 
mine for Al 
by Column 1, 
Table III.A 
(436) 



Note 1.— The separation of Ba 
may be neglected hero, the preci- 
pitate being at once boiled with 
NaHO : in this case much white 
BaCOa will remain with the FejOa 
after fusion to separate Cr ; it will, 
however dissolve Mrith the Fe and 
cause no complication. 



2. Filtrate may contain Zn, Mn, Ni, Co, and 
BaClo . Remove Ba by adding to the boiling 
liquid dilute H2SO4 graduaUv, until the last 
few drops produce no further precipitate 
in the clear liquid from which the BaS04 
has been allowed to settle ; filter; add pure 
NaHO in. excess to the cold filtrate, stir 
well and filter : 



Precipitate may contain Mn, Ni, 
Co ; rinse off the filter into a 
porcelain dish with as little 
water as possible, add some 
strong HCl and boil ; evapo- 
rate nearly to dryness, add 
a Uttle strong solution of 

NaAto the liquid, pass H29 
to saturation, filter : 



Precipitate : ex- 
amine for NI 
and Co ac- 
cording to 
Table III.B, 
column 1 
(437). 



Filtrate: add 
AmHO in 
excess ; a 
flesh-colour- 
ed precipi- 
tate shows : 

Presence of Mn 



Filtrate : pasB 
H2S a white 
precipitate 
indicates : 
Presence of 
Zn. 
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466. TABLE IILcj.— FOR EXAMIXATI02 

Remove the piedpitaie produced bj AmCl, AmHO, and . 
in <liliite HCl and gently sdziing and shaking the liquid : tal 
Note 1) :~ 



if 

MS and Co6 ; 
it M directed 
in Table IILb» cotannB 1 



f 



FQtrmtf maj oontain Al, Fe, Cr, Zn, Ifn. Gaief&l]; 
of tldi o b e u i a tfaa. rfaiafnr the Ikivid bj eotmnn . 



1. The U^nM w per/eetiif eoUmHets: Abtemee V 
Bofl the ISqvkl in tlie didi for a fev ndinitea «it 



loiMer ODeUa of H^ then add a sman cTTstal KC 
boo down to a taull bnik ; oool, add XaHO In eic 
wdl and filter: 



PrteipUate may contain Fe, 
M n. Dry and foee it on 
platinmn fofl vith Sm/^ 
and KXOj; a bine 



Pretence of Mn . 

Bofl the f oD in a porcelain 
dish with water for Mwote 
time, and if any undia- 
solved reaidoe is left, de- 
cant the liquid, bofl the 
residne with HCl, and add 
KCyS; a blood-red colora- 
ticmahowB: 

Pretence qf Fe (Note 3, 438^ 



PSinie may nrtitalii 
DiTide into two eqi 
(Xote«>. 

Into one portion paa 
white precipitate f 



<lfXn 



To the other portion 
late HCl gmdnall: 
stining ; if no pre 
forms, add HCl in 
thai AmHO in exo 
heat; a oolourtesB 
lent precipitate : 
Pretence of Al 



KoU 1. — ^A mere milkiness, due to the separation of sulphur, shoi 

Note 2, — ^Al and Zn may also be detected without dividing the filti 

colourless flocculent precipitate shows Presence of Al: this is filtered off ai 
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y GROUPS IILa and IILb, WHEN MIXED. 

from the filter by opening the filter out inside a porcelain dish, pouring 
the filter paper, stir well, and if any black residue is left, filter (see 



mm 



pmoHoiwr, which is best seen by pouring it into a white porcelain dish, and according to the result 



mm^m 



$ 



n. The liquid Jiaa a violet or bright green colour : Presence of Cr . 

Bon the liquid in the dish until H2S is no longer smelt, drop in a smaU crsrstal of KC10| 
and boil down nearly to dryness ; dilute with a little water, pour into a small flask and 
add BaCO* suspended in water graduaUy whilst constantly shaking the liquid until the 
excess of BaCOs whitens the precipitate, cork the flask and allow it to stand for not less 
than flfteen minutes, occasionally shaking it well ; filter, wash first with cold water letting 
the washings run into the filtrate, then with boiling water rejecting the washings : 



^ Precipitate may contain 
3« Fe, Al, Cr; examine 



^ 



re, Alt ^-^ * examine 
it by column 1, Table 
ni.O, (464). 



Filtrate vavv contain Zn, Mn : boil, and whilst boiling add 
dilute H2SO4 gradually until the last few drops cause no 
further precipitate, filter from BaS04 ; cool, add pure NaHO 
in excess, stir well and filter : 



Predvitate: dry and fuse 
with Na2C03 and KNOs on 
platinum foil ; blue green 
mass: 

Presence of Mn . 



Filtrate: pass HjS; white 
precipitate : 

Presence cf Zn . 



fc absence of Ni and Co, and does not render filtration necessary. 
.-"^ adding to it HCl gradually until it becomes acid, then AmHO until alkaline, a 
jMissed into the filtrate, a white precipitate shows Presence of Zn . 



I 



\ 
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TABLE ma— POK EXAMINATIO] 

466. n rPOj*^ is found in the HQ solution in the Gam 
forms on addition of AmO and excess of AmHO, the liquid oontaiiaii 
is washed well with hot water. To the filtimte Am^R is added i 
for Groape IV. and Y. (419, 431). The two precipitates yic 
well with a little AmjS, then filtered, and the residue on the 
adding li^SOj if this is present Fe, Zn, Mn, ^li, Co, one or 

The residiie left after stirring with AmJS may contain Ba, S^ 
hydiatesL Bemore it from the filter and heat it with dilate HQi 
crystals of KCIO3, and evaporate Terj nearly to dryness, filter 
as long as any precipitate is prodaced. Heat gently, and filter 



I 



FOtnUe: Add ¥e^C% (Note 3) drop by drop m long m a ivedpitate fonns, and imtflfti 
liquid, after being well stirred or ihaken, remains reddish : additioo of 1^^ k 
lance excess must be carefully aroided. Warm gently for some time, fitter w hfte t4 
and wash with hoi water : 



FOtraU: Add AmCl, AmHO (Note 3X and Am,S : filto* 



FUtraU : Add AmsCOt : filter : 



Precipitate maj con- 
tain BaCO,, SrCOa, 
CaCOi. Examine 
this precipitate by 
Table IV. (438X 
Ea, Br, Ca, if found 
in this precipi- 
tate, were present 
in the solntion as 
phosphates. 



Filtrate may contain 
Mg; addNasHPOf, 
warm and shake 
well; white crys- 
talline precipitate : 
Pretence of Mg as 
phosphate. 



Precipitate: examine 
by TU>le KLc. 
(464, 465) fOT Zn. 
Jin, Ni, Co, also for 
AlandCr. 

Test a portion of the 
original solution, or 
the solntion of the 
substance in HCl, for 
Fe" and Fe'" by 
note 3 (436). 



Precipitate e» 
tainiittftiPOi 
maybe ne- 
glected. 



Note 1. — An insoluble residue here may contain SrS04 and BaS04 and ma 
sent originally as phosphates. 

Note 2. — A few drops of FejClg may be added to a small part only of tl 
at once for Groups III. and IV. and for ^Mg, without adding FcjCl^ . 

NoteS. — Since this filtrate has to be tested for Groups III. A and III.B, 
analysing the precipitate by Table III.c, or by precipitating Groups III.A ai 
cipitates by Tables III.A and III.B (436, 437). 

Note 4. — Since CrPO^ is rarely present, this precipitate may generally be teste 
detected by acidifying with HCl and adding AmHO in excess which gives 
ing in HCl and adding KCyS . 
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pOF PHOSPHATES IN GROUP III. 

jjg Table (419) after precipitating Groups I. and IL, and a precipitate 
1^ the precipitate is gently heated, filtered quickly, and the precipitate 
-ti excess and the solution boUed, then filtered, and the filtrate examined 
-- by AmHO and by AnigS are transferred to a porcelain dish and stirred 

is washed well. The filtrate should be examined for (PO4)'" by 

were present as phosphates. 

Mg as phosphates ; Fe, Zn, Mn, Ni, Co as sulphides ; and Al, Cr as 

a porcelain disL If this does not dissolve it, drop in several small 
£. S if necessary (Note 1); then add a solution of HA and NaA (526. 84), 
J hot :— 



j^ 



s 



Precipitate may consist of FeP04 AIPO4, CrP04 (Note 4). Dry the precipitate on the 
filter, and fuse it for a short time in a platinum cruciole or on platinum foil with a 
mixture of finely powdered SiOj, Na^COg, and KNO3. When cold dissolve by boiling 
with a little distilled water, add Am2C08 ; allow to stand for a short time, stirring 
occasionally ; let the precipitate subside, filter : 






Filtrate : add HA 
until the solu- 
tion is acid, boil 
for a short time, 

then add PbAj ; 
yellow precipi- 
tate of PbCr04 : 
Presence of Cr, as 
phosphate. 

Note. — A white 
precipitate on 

addition of PbAj 
may be disre- 
garded. 



Precipitate may contain 648104, Fe and Al as silicates, and 
Fe2Ho8. Acicfify with HCl, evaporate to dryness, and heat the 
dry residue gently. Warm with a few drops of strong HCl, add 
hot water, and filter : 



Filtrate . 
filter : 



add pure NaHO in excess, boil and 



Filtrate : acidify with 
HCl, and add AmHO 
in excess, boil : 
white, gelatinous 
precipitate : 
Presence of Al as 
phosphate. 



Precipitate is brown 
FeoHos: dissolve by 
boUing with Ha, 
and add KCyS : 
blood-red coloration : 
Presence of Fe as 
phosphate. 



Residue is Si02 
and may be 
neglected. 



be examined by the latter part of (428): Ba or Sr, if found here, were pre- 
filtrate and heated ; if it causes no precipitate the other portion may be examined 

may be examined either by adding AmCl, AmHO, and AmgS together and 
III.B separately by AmCl and AmHO and then Am^S, and by examining the pre- 

by boiling with excess of NaHO, and filtering; AIPO4 will be in solution, and is 
gelatinous precipitate; FcgHog remains as a precipitate and is detected by dissolv- 



VL 
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467. ANALYSIS OF METALS AND ALLOYS. 

After making the Preliminary Examination given below 
either of the two methods (470 or 471) may be adopted. 
The first method is by far the most ready and certain for 
the examination of a metal or alloy of unknown composition, 
since all metals, even when present in small quantity only, 
may thus be detected. 

In making the solution by the second method, Sn, Sb, Au, 
and Pt are left undissolved, all other metals passing into 
solution ; it is not however to be recommended as a general 
process for examination of metals and alloys, since the follow- 
ing complications are apt to occur : — If As is present with 
Sn, a part or the whole of the As may remain in the residue ; 
Pt, if present with a sufficient quantity of Ag, may pass 
entirely into solution ; and Sb will always partly dissolve. 
The process however is useful in cases where an alloy, known 
to contain a large proportion of Sn or Sb, has to be examined 
for other metals, since these are dissolved away at once from 
the bulk of the Sn or Sb : but care must be taken that As is 
nob passed over in the presence of Sn. 



Preliminary Examination. 
Note the colour, and also if any smell is given off when 
the substance is rubbed with the hand ; also whether it is 
crystalline or not, and if it is attracted by a magnet (Fe, Ni, 
Co, &c.). Note also the hardness of the metal, by seeing if it 
can be scratched or cut by a steel knife ; also whether on being 
struck smartly with a hammer it breaks to powder (brittle), or 
flattens out (malleable) : then try the following experiments : — 



Experiment. 



468. I.— Heat a small portion on 
charcoal in the inner blowpipe 
flame. 

469. 11.— Heat aportion ina smaU 
tube closed at one end. 

Ifote.—Xs and S can frequently 
only be detected as arsenate and 
sulphate by fusion with KNO3 
and Na2CX)3, dissolving in water, 
and testing the solution by (449) 
or (446). 



Observation. 



The results obtained by (403) 
and (404) in the Preliminary 
Table may be here noticed. 

A metallic sublimate forms. 



The sublimate consists of small 
liquid globules. 

A yeUow sublimate melting to 
reddish-yellow drops ; the 
substance when heated sloioly 
in a tube open at both ends 
evolves SO, (417). 



Inference. 



will b< 
in (403 



The inference 

found stated 

and (404). 
Presence of Hg, Cd, 

the two latter are 

tected by (468). 
Presence of Hg . 



As 
de 



Presence of 
phide. 



S from a sul 
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Processes for solution and examination op a Metal or 
Alloy. 

470. Method I. — Pour some rather dilute HCl upon the 
powdered metal in a small flask covered with a watch-glass 
with its concave surface upwards, and heat for some time just 
short of boiling; if the metal dissolves readily, continue 
heating until the metal is completely dissolved, and examine 
the HCl solution according to the General Table (419). 

Frequently HCl alone does not effect complete solution, 
two or three drops of strong HNOg should then be poured in, 
and more HNO3 and HCl added occasionally when the action 
ceases or when red fumes are no longer given off on heating. 
When the metal has entirely disappeared, add a little more 
strong HCl and boil as long as any CI or reddish fumes are 
given off; then dilute with a little water, heat to boiling, 
and cool ; filter if there is any white residue : — 



Residue, if crystalline, is pro- 
bably PbClg, and will be found 
to dissolve entirely if washed 
with sufficient boiling water. 

In this solution the presence 
of Pb is confirmed by adding 
K3Cr04, which gives a yellow 
precipitate soluble in excess of 
KHO, showing Presertae of Pb, 

If any residue is left after washing 
well with boiling water, it is pro- 
bably AgCl ; confirm the pre- 
sence of Ag by pouring upon the 
residue hot AinHO, it dissolves 
completely but is reprecipitated 
on adding HNO3 in excess : — 

Presence of Ag . 



Filtrate (note 1) : dilute largely 
with HgO (see note 2), and 
whether this causes a preci- 
pitate or not, pass HgS to sa- 
turation into tne solution ; ex- 
amine any precipitate thus pro- 
duced by Table II. (435), and 
proceed to examine the filtrate 
for Groups III., IV., and V., as 
directed in the Greneral Table 
(419). 

Note 1. — If Au and Pt may be 
present, they must be tested for in 
the HgS precipitate, according to 
the directions in (472-474). 

Note 2. — A white precipitate ap- 
pearing on dilution is due to the 
presence of Bi, Sb, or Sn . 



471. Method II.— Pour upon the finely divided metal 
some strong HNO3*, and heat in a small flask, covered with a 



* If Hg is found in the preliminary examination and small quantities of 
Ag have to be tested for, the Hg should be expelled by heating the sub- 
stance strongly in a porcelain crucible before dissolving in acid, as 
Hg(N03)2 tends to prevent the precipitation of Ag by HCl in Group I. 
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watxih glass, as long as any red fumes appear : one of two 
restdts will occur : — 



I. 


n. 

1 


The gubntanee dissolves 
completely trith or with- 
tint addition of toater. 
Abeence of Pt, An, Sb, 
fln (note 1). 

Eiamine the solntion, 
after boiling nearly to 
dryness ana dUnting 
with water (note 2), by 
the General Table (419). 

1 


A residue is left : add some hot water and boil, then 
Alter and wash the residue on the filter weD with 
Iwllinsr water (note 2). The residue may present 
the following appearances :— 


1. Entirely metallic or black 
powder : probably Pt or Au. 
Dissolve by heating in a small 
flask covered with a watch 
ghiss, withalittleHCl to which 
a few drops of HNOshave been 
added, when completelv dis- 
solved add more HCl, and boil 
down in an evaporating basin 
nearly to dryness, examine the 
solution for Au and Pt by f 474), 
commencing with the addition 
of KCl and using only the left 
hand side of the table, since 
Sn will be absent. 


3. WhUe powder 
may contain Sn,* 
Sb, As, possibl]^ 
also Pt and Au) 
concealed in it| 
(note 3). 



Note 1. — The solution is liable to contain small quantities of these 
metals, which must always be tested for in a careful analysis. 

Note 2.— BiOCl will often precipitate on dilution, but the precipitate 
will disappear on adding HCl and boiling, being thus easily distin- 
guished from the Group I. precipitate. 

Note 3. — If much residue is obtained a small quantity of it may be 
heated in a test-tube with HCl adding KClOg, if it dissolves entirely 
dissolve the whole of the residue, then examine the solution by Table 
II., commencing at (435 h) : if it refuses to dissolve proceed with the 
rest of the residue as directed below. If the residue is small in quan- 
tity examine it at once as directed below. 

Examination of the Non-metallic Residue insoluble in 
HNO^, — Dry the residue on the filter at a gentle heat, mix 
it thoroughly with about an equal quantity of powdered 
NftgCOg and NaNOg, and add the mixture gradually to some 
XaNOj in fusion in a porcelain crucible; then pour the 
melted substance out into a porcelain dish ; allow it to cool, 
then pour upon it cold water and let it stand for some tima 
After crushing the mass with a pestle and stirring it occasion- 
ally, filter, and wash the residue on the filter with dilute 
alcohol, throwing away the washings : — 
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black S 
The 



whether the residue has dissolved or n 
nlace iu the liquid s strip of Ft-foil ai 
drop npoti it a piece of jiure Zu ; H 
giren off ; wait uutil this censee, taking 
care that there ia Bome Zn left undut' 
solved, and adding more Zn if the Srat 
pieee hna entirelj dissolved. Now re- 

"' plBtinum strip ; if it ia stained 

IS present. 

E in the diah may consist of 8n, 
An, and Pt ; remove the Zn, rinsing off 
an; anbstonce adhering to it into the 
diah, stir the liquid in the dish well, then 
pour off the liquid, oarefiilly leaving the 
residue ; ponr in water, stir well, and 
again xwur off carefully. Boil the residue 
for some time with strong HCl in a test- 
tube, dilute, dfioant, add HgCI, , a white 
precipitatB forms : — Pre-Kuce oj .Sn . 
Smdiie : dissolve by wanning with HCl 
and HNOg, sjid examine the solution for 
An and Pt by (17*), using only the k-ft 
hand portion of the table. 



(AbO,)'": add HNO, 
until the solution is 
acid and boil, evapo- 
rating the liqnid in a 
dish it veiy bulky. 
Pom' into naif this 
solution AgNOg as long 
as it gives any precipi- 
tate, and add gradnnlly 
AmHOdilutudwithlO 
or 12 times its bulk of 
water, a brown preci- 
pitate shows : — 

PrcKnce of As . 
To the other half of the 
acid solution add 
AmHO iu excess^ then 
MgSO,, and rub the 
inside of the vessel 
with a glass rod ; a 
white crystalline pre- 
eipitate, often appear- 
ing only after some 
time, shows :^ 

Preamcc qf As. 



SEPARATION AND DETECTION OF Au AND Pt . 

472. An and Pt will, in the ordinary course of analyBia, 
be entirely precipitated as sulphides in the second Group, if 
HjS is passed for some time into the hot HCl solution ; and 
since these sulphides are soluble in KHO and in AmjS, on 
examining the H^S precipitate by Table II. (435), the Au 
and Pt will pass into the filtrate when the precipitate is 
boiled with KHO or Am^S. No modification of the process 
described in Table II. is required for the detection of these 
two metals until the examination of the residue in the 
hydrogen-flask is commenced. The Au and Pt will be pre- 
sent in thia residue, associated with Sc if it be present, and 
usually also with at least a part of the Sb (if present), since 
Zn and Pt in contact iu an acid liquid cause the sepai'a- 
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tion of metallic Sb (193). Accordingly wlien Au and Pfc 
have to be tested for, the ordinary course of analysis is to be 
followed until the residue in the hydrogen-flask is obtained ; 
and this is examined as directed in (473). 

473. After washing the residue left in the hydrogen-flask 
by (lecantation in a porcelain dish, and removing any excess 
of Zn, boil it with a little strong HCl in a test-tube for 
several minutes, allow the residue to settle, and decant the 
liquid : — 



474. Residue * : pour upon the residue in the dish a little HCl, 
add several drops of HXO*, and boil gently very nearly to 
dryness ; add some KCl solation and evaporate once more 
very nearlv to dryness. Pour some absolute alcohol into 
the cool dish and stir weU for a time, aUow the precipitate 
to settle and decant the liquid, wash the precipitate by 
stirring it with a little more alcohol and decant the liquid 
when the precipitate has settled : — 



Precijritate will consist of 
yellow K«FtCle and excess 
of KCI, dissolve it in a little 
boiling water, pour it into 
a white dish, add several 
drops of HCI, then SnCl^ : 
an orange-red coloration 
conltrmR the 

Presence of Pt . 



Solution will be yellow if Au 
is present ; evaporate care- 
fully on a water-bath just to 
dryness, dissolve in a little 
water and add a few drops 
of freshly prepared Fe304 
solution. Au will be pre- 
cipitated in a fine powder, 
causing the liquid to appear 
reddish by reflected and 
blue by transmitted light :— 

Presence of Au . 



Solution: to one 
part add Hgd^ 
a white preci- 
pitate, which 
does not appear 
at once if only 
traces of Sn ve 
present: 
Pretence of Sn . 

Pour the other 
part of this 
solution into a 
porcelain dish, 
Immerse in it a 
strip of Pt and 
drop a piece of 
Zn on the Pt ; a 
black stain on 
the Pt shows: — 
Presence of Sb . 



* If Sb has not been detected already in the precipitate produced by 
the gases in AgNOg solution (435 b) this residue should be examined for 
Sb, as the Sb instead of having been given off as SbHg, may have been 
deposited on the Pt or Au. Boil it once more for some time with strong 
HCl to remove all Sn, wash the residue well by decantation and boil it in 

the dish with HgT adding a few drops of HNOg, decant, and test the liquid 
for Sb by adding HCl and passing HjS : the re.sidue is then examined as 
above (474). 
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EXAMINATION OF SUBSTANCES INSOLUBLE IN 

WATEE AND ACIDS. 

476. An insoluble substance may consist of one or more of 
the following substances, all of which are white except FejOgi 
CigOg, FeCigO^, PbCrO^, S, C, and AgCl which has been 
exposed to light. 

In the following list those substances which are embraced in brackets 
( ) may possibly be present, those in square brackets [ ] improbably 
because they are soluble in water. 



1. BaSO^, 

2. ^^^4 

3. [CaSO^ 

4. (PbSOJ 

6. PbCrO^, 
6. [PbClJi 



7. AgCl 



8. 


SiO^ 


9. 


(AhO,) ) 


10. 


{FeM } 


11. 


(Cr^O, j 


12. 


FeCrfi. 


13. 


(SnO^) 


14. 


Sb^O.^Sb^O^ 


16. 


CaF^ 


16. 


S 


17. 


c 



Insoluble in water and acids. 
Insoluble ,, ,, 

Not perfectly iusoluble in water, soluble in hot 
HCl : hence it should pass into the acid solution. 

Insoluble after being strongly heated. 

Soluble in boiling water, and should therefore 
have been removed if the residue was well 
washed with boiling water. 

This may have been originally present as such, or 
may have been derived from the use of HCl in 
making the solution, or by the action of aqua 
regia on the insoluble su1:]^tances AgBr, Agl, 
AgCy, AggFeaCyij, Ag/eCyj . 

Either uncombined, or as a silicate. 

Insoluble after being strongly ignited, but these 
are usually dissolved by long boiling with 
strong HCl. 

Chrome iron ore, native. 
Native or ignited. 

I Also a few other fluorides, and some metaphos- 
( phates and arsenates. 

! Yellow, slowly soluble in strong HNOg, giving 
red fumes, and yielding H,S04. 
Black, and quite insoluble. 



If sufficient of the substance is at disposal, the preliminary examin- 
ation (476) may be made on a portion of it. In case the quantity 
of substance is small, however, the whole of the substance must be 
employed for the examination by fusion (477). 
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476. Preliminary Examination. 

The snbHtance mast be in the state of dry powder. Make a 
(»refal examination of it with a pocket lens. £xpts. I. and II. need 
only be made if the substance is light in colour. 



Experiment. 


Observation. 


Inference. 


! I. Observe whether the 
i sabttance darkens when 
allowed to stand in the 
: light for some time. 


The colour changes to violet 
or black. 


Presence of AgCl . 


II. Ponr a little Am.S 
upon a portion of the 
substance on a watch 
glass. 


The substance blackens ; 

w>ass on to III. 

Tne substance does not 
blacken ; pass on to V., 
omitting III. and IV., since 
Fb and Ag must be absent 


Presence of Pb or Ag . 


III. Heat some of the sub- 
stance with a little water 
and a small piece of KCy ; 
filter off, Keeping the 
residue; to the filtrate 
add Am^S. 


A t)rownIsh precipitate. 

• 


Presence of AgCl .\ 
Confp. On warming some 
of the substance with 
AmHO, filtering, and 
adding excess of HNO3 
to the filtrate, a white 
precipitate forms, 
which, when shaken 
well or heated, coagu- 
lates into flocks. 


IV. Wash the residue from 
Exp. III. well upon the 
filter :- 

a. It U white ; drop Am2S 
upon it. 

h. It U dark coloured; pour 

in a little HA, and bon 
after adding AmHO in 
excess; filter, to the fil- 
trate add HA in excess 
and K2Cr04 . 


The residue blackens. 

A yellow precipitate, soluble 
faiKHO. 


Presence of PbS04 or 
PbClg . 

Presence of PbSOj or ■ 
PbClg . 


V. Take up some of the 
substance upon a mois- 
tened loop of platinum 
wire ; heat it for a short 
time in the inner blow- 
pipe flame, then moisten 
with a drop of strong 
Ha, and hold in the 
outer part of a Bimsen 
flame. 


A reddish-yellow coloration, 
dtLsky- green when seen 
through the indigo-prism. 
A crimson-red coloration ap- 
pearing deep -red through 
the indigo-prism. 
A yellowish-green coloration. 
Note. — If all these are pre- 
sent, the colorations may 
often be seen in succession. 


•Presence of Ca\ 

1 as 
Presence of Sr (sulphate. 
Presence oIBslJ 


YI. Heat in a small test- 
tube or ignition-tube, then 
strongly on a piece of 
porcelain or broken glass, 
or on platinum foil. 


A yellow sublimate forms on 
the sides of tube. 

When strongly heated the 
substance smoulders, and 
ultimately bums away. 


Presence of S . 
Presence of C . 
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Experiment. 


Observation. 


Inference. 


VII. Heat with strong 
H2SO4 in a platinum cru- 
cible or leaden cup co- 
vered with a watch glass 
(296): or if a silicate is pre- 
sent examine by passing 
the gas into AmHO (297). 


The glass is etched. 

A gelatinous precipitate is 
obtained in the AmHO . 


Presence of F. 
Presence of F. 


VIII. Fuse some of the 
substance in a bead of 
NaAmHP04, first in the 
outer then in the inner 
blowpipe flame. 


Particles are seen floating 
undissolved in the melted 
bead. 

Qreen-coloured bead. 

Reddish-broum bead, colour- 
less when cold, and be- 
coming greenish in the 
inner flame. 


Presence of Si02 (480). 
Presence of Gr. 

Presence of Fe . 



Examination of Insoluble Substances. 

477. Mix the finely powdered substance* with three or four 
times its weight of fusion-mixture, and heat the mixture in a 
small covered porcelain cruciblet until it melts ; keep it in 
fusion for at least ten minutes. Allow the crucible to cool,, 
then pour some water into it and allow to stand or boil until 
the solid mass is loosened from the crucible ; boil this in a 
porcelain dish with distilled water, crushing the mass by 
pressure with a pestle if it does not quickly fall to pieces. 
Allow the residue to settle, pour off the solution through a 
filter, and boil the residue with a little more water ; pour off 
through the same filter, adding this filtrate to the former one. 

For the examination of the undissolved residue see (478), 
for the filtrate (479). 

478. Eesidue on the filter ; wash well with boiling water^ 
then make a hole in the bottom of the filter, wash the residue 
through into a test-tube by pouring upon it a little boiling 



* Wliich, if it is found by Exp. VI. to contain free S or C, must first b& 
heated strongly for some time in an open porcelain crucible. 

t If Pb and Ag have been proved to be absent by the preliminary tests, 
or if they have been first removed by boiling the substance with KCy 

solution, then with HA and excess of AmHO and washing well, a platinum 
crucible may be used. The use of a platinum crucible is preferable, since 
after fusing in porcelain small quantities of AI2O3 and SiOo will always be 
found, being derived from the action of the NagCOs on the glaze of th& 
porcelain. 
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tlilute HXO3 (see note 1 below), and boil ; the lesidae 
disdolves entirely if the fusion has been continued sufficiently 
long (see note 2). Filter if necessary, and examine the solu- 
tion by the Greneral Table (419), beaiing in mind that only the 
metals enumerated in (475) are likely to be present (note 3). 

Note 1 . — If Ag and Pb are known to be absent by the preliminary 
experiments, HCl may be used for dissolving the residue and is prefer- 
able ; if effervescence is produced by these acids the presence of Ba, 
8r, Ca or Mg is proved. 

Note 2. — A residue here may consist of chrome iron ore ; this may 
be dissolved by heating with HNO, and EClO,, and the solution tested 
by the General Table, when Cr and Fe will be found. 

Note 8. — It is best to evaporate the solution quite to dryness before 
testing for Group III., using a water-bath towards the end if the 
substance spirts. This is always necessary if SiO, is present in the 
substance, since it is sometimes obtained in the acid solution, and is 
by this means at once separated. 

479. Aqiceous solution of the Fused inass. — Divide into two 
parts A and b. 

A. Add HCl until the liquid is distinctly acid, and eva- 
porate in a porcelain dish to dryness, finishing the process 
on a water-bath if necessary to avoid spirting ; then continue 
to heat the dish gently until the residue is quite dry ; pour 
in a little strong HCl and warm, dilute and heat again ; an 
insoluble residue shows presence of /SiOg . 

Filter, and examine the filtrate by the General Table (419) 
more particularly for Al, but other bases should also be tested 
for, which being soluble in alkalis may pass into this solu- 
tion, such as Cr, Mn, Zn, Sn. 

B. Test separate portions for the following acid-radicles as 
described below : — 

1. Chloride : acidify with HNO3 and add AgNOg, white 
precipitate easily soluble in AmHO . 

2. Sulphate: acidify with HCl and add BaClg, white 
precipitate insoluble on boiling. 

Note, — Unless the fusion mixture employed was free from 
chloride and sulphate, tests 1 or 2 are worthless. 



479.] INSOLUBLE SUBSTANCES. 267 

3. CJiromaie : acidify with HA and add PbAg, yellow pre- 
cipitate ; a chromate is seen also by the yellow colour of 
the solution. Cr thus detected may have been present 
acting as a metal or as a constituent of an acid-radicle. 

4. Phosphate: acidify with HNO3, add a few drops to 
AmHMoO^ solution, and warm gently. A yellow precipi- 

. tate forms, often only after a time, or on gently heating. 
If As has been found on passing HgS into the hot HCl 
solution, (PO4)'" must be tested for in apportion of 
the filtrate after boiling off HgS, else the above yellow 
precipitate may be due to (AsO^)"'. 

5. Fluoride : add HCl in excess to a part of the solution, 
stir well, and let stand until the COg has escaped, then 
add AmHO in excess, then CaClg as long as it pro- 
duces any precipitate, and let stand for a time ; filter 
off, dry the precipitate and examine it for F by pour- 
ing strong H2SO4 upon it in a platinum crucible 
covered with a watch glass (296). 
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ANALYSIS OF SILICATES. 

480. The presence of silica is shown by Exp. VIEL in the 
Preliminary Examination of insoluble substances (476) ; when 
it has been found it becomes necessary to examine for all metals, 
since many silicates which are soluble when alone, become 
insoluble when mixed or combined with insoluble silicates. 

The ordinary analytical course requires but slight modifi- 
cation to adapt it to the examination of silicates. Many 
silicates are entirely decomposed by heating with strong HCl 
for some time just short of boiling ; if this decomposition 
has been effected, only a colourless residue of silicic acid will 
remain, which may be identified by its solubility in hot 
NajCO^ solution. 

If the silicate is not completely decomposed by hot strong 
HCl, some of it must be fused with fusion mixture as 
directed in (477), and the cool residue boiled with water ; 
the solution and residue are then examined by (478) and 
(479), remembering however that all metals may be present. 

481. Since Na and K cannot be tested for in the solution 
obtained after fusion, a separate portion must be examined 
for K and Na by one of the following processes : — 

I. Evaporate the powdered substance several times in a 
platinum dish or crucible either with hydrofluoric acid and 
subsequently with strong H2SO4, or with five times its weight 
of calcium fluoride mixed into a paste with strong HgSO^, in 
either case heating finally until no more white fumes are 
evolved. Boil the cool residue with water, add BaClg solution 
as long as it causes any precipitate, then add AmHO in excess 
and AmgCOg as long as it causes any precipitate, filter and 
examine the filtrate for K and Na by Table V. (439). 

II. Mix the powdered substance intimately with four times 
its weight of barium hydrate^ and heat strongly in a platinum 
crucible for about half an hour; dissolve the cool mass in dilute 
HCl, add AmHO in excess and then AmgCOg in excess, filter, 
rejecting the precipitate; evaporate the filtrate to dryness, 
ignite the residue, then boil it with water ; add a little HCl 
to the solution and test for K and Na by Table V. (439). 
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482. ANALYSIS OF SUBSTANCES CONTAmiNG 

CYANOGEN. 

If a small quantity of tlie substance to be analysed, when 
examined by (304) or (306), is found to contain cyanogen, 
the usual course of analysis must be somewhat modified, since 
the presence of cyanogen would produce confusing results. 
The cyanogen may be present as a cyanide, sulphocyanide, 
f errocyanide, f erricyanide, or cobalticyanide, rarely as a man- 
ganocyanide or chromicyanide. Since the method to be 
adopted when a cyanide or sulphocyanide only is present, is 
much more simple than that rendered necessary by the pre- 
sence of the other cyanogen-compounds above mentioned, it 
is advisable first to ascertain in what form the cyanogen 
occurs, by the following preliminary experiments made on a 
small portion of the substance; according to the results 
yielded by these experiments the further examination of the 
substance is made by Method I. (484) or by Method 11. (485). 



Preliminary Examination. 
483. Boil a portion of the substance for several minutes 
with KHO solution, then add some NagCOg solution as 
long as it causes any precipitate, and boil again for several 
minutes; filter, make the cold filtrate just acid with HCl, 
filter if necessary, and test separate portions as follows : — 



Reagent added. 



1. FeS04 solution 



2. FejClfl solution . 

3. ZnS04 solution as long as it 
causes any precipitate. 

Confirmatory.— 'FUter off the 
precipitate, add ZnS04 solu- 
tion to the filtrate, and if it 
causes any precipitate, pour 
again through the filter, re- 
peating this process until no 
further precipitate is produced 
by ZnS04. Fuse some of the 
precipitate in a clear borax 
bead 



Result. 



( Blue precipitate 
White precipitate 



i 



( Blue precipitate . 
( Blood-red coloration 
(Light-brown preci- 
pitate . 
Wiiite precipitate . 



( 



A blue bead is pro- 
duced 



} 



Inference. 



Presence of (FeCyeV* 

(FeCJya)^'!. 
Probable presence of 

(CoCy6)2'i- 
Presence of (FeCye)*'- 
Presence of (CyS)'. 

l Presence of (FeCy6)2^- 

Presence of (FeCy6)'% 
(C!oCy«)2vj. 



Presence of (CoCye)^*'- 
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or 
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pc»lim:TttrT i«aC3 fiik>v the pcesence of (FeCjr^, (^ '^CyJi' 
br Mtrthf.d IL tf4^^3L If the ihaenee of these add-ndideB is infr 
in^Okte tbeir pfcssence, pcoeeel aceofdisg to Method L (484). 

If ncnt; of iIk abore acid-radicfes sz? foond in the pveliiiiiDiij 
eotme is to expel HCj bj b>ilin^ after adding HCl in pveptDOg 

4M. 3£rrHOD L — If <CjS>' is presenl» bc»l the portion of the 
for iooie time, dilute a little anl bod again. If any lesidoe lemiiii 
as directed at the end oi {i20\, anr undisc^Yed lesidne bang 
eTaporated nearlj to dryness an*l examined br (419). 

Another portion of the substance is examined for acid-radideB h 

4S5. Method IL (Fieaenios). — BoO the sabstance with water; 
to the filtrate : — 



I FOirmU 

for metak, aMire and boO a^sn ; filter mad 

I 



I 



bofl with EHO •ohrtioA for 

tbe 



aDdforadd-ndiclei 



to tile 
dfrectioiH gfren f or 
•na lj i la g « Uqokl 

Tbe acid -radicles 
■twiild be first tested 
for fo a portion of 
tbesolntion and if 

(Co/Ty.t)!**. one or 
more be f cMmd, tbe 
K^ntioD most be 
eraporated to dry- 
ness witb HNO,, and 
tberesidoe strong! j 
beated (see Ckrneral 
Table) after filteriiuf 
from tbe H^S preci- 
pitate, in order to 
destroy tbese cyano- 
gen radicles. The 
Fe, Co, Ac., in the 
cranogen acid-iadi- 
cles wai then be 
detected in the 
General Table. 



FOtrmU: p^ii 
KHO\beat 



H,S. and if it 



PndpUaU: wash well vith 
water, and boiQtiie precipitate with 
strong H>'0|. a blaciE resldae of 
HgS may remain, filter this off 
after dflating the add. and confirm 
tbe pRsenre of Hg in tbe pRcqn- 
tate by beating it with Xa/X), in 
a bolb-tobe (147). 

Tbe filtrate (or solution if HgS is 
absent) is er^torated to dryness, 
tbe resldne is then disM^red in a 
little hot strong HCl, the sotntion 
is mnch dfloted, saturated with 
H«S, and filtered :— 



PredpUate: exa- 
mine for Fb and 
Ca by Table IL 
(435 aX 



FUtraU: add 
AmCUAmHO 
in excess, and 
AmjS, and 
examine for 
Zn, Mn, Xi, 
Co, ftc, by 
Table III.c, 
(465). 



add dibite 
saturation and fitter.^ 



Pno 



reapUate 
KHO. flu 



boflwiik 
fitter off was 
black y tec iuttate 
and exaanine It for 
Hg by beating tt 
wnh Xa,C(>, in a 
bolb-tnbe a47). 
Add to the filtrate cr 
aolntton HCl vootSL 
it is add, pass H,S 
to saturation, and 
examine for Ajb, Sb, 
Sn, (Pt, AuX by 
Table n. USSi com- 
mencing at (435 b). 



* If H^ canses a precipitate to form, NaHS or KITS may be added, 
the filtrate ; this may be done instead of passing HgS to satnration and then 
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(CoCyg)2^, one or more, examine the remainder of the substance 
cated by not obtaining the results in the second column which 

experiments, the only modification requisite in the ordinary analytical 
the solution (383) or in testing for Group I. (419). 
substance which is to be examined for metals with strong HNO3 
decant the solution and proceed to endeavour to dissolve the residue 
then examined according to (475 et seq,). The HNO3 solution ia 

the usual way. 

filter, and wash the residue with boiling water, adding the washinga 



some NagCOa solution as long as it causes any precipitate in the solution or the filtrate, 



to pass the gas until the liquid is saturated, then add more 



HNO3, gradually until the liquid is just acid, pass HjS to 



Filtrate : Divide into two parts, o, /3 :— 



Examine for acid radi- 
cles in the usual way, 
testing for (Co2Cyi2)'* 
by adding excess of 
ZnSO^, filtering and try- 
ing whether the precipi- 
tate gives a blue bead 
with borax. 



^. Evaporate to dryness and fuse 
the residue : when cold boil it 
with water and filter :— 



Residue: dis- 
solve In HCl, 
and test for 
Al, Fe, Mn, 
Co (466); the 
last three if 
found were 
present as 
cyano gen 
acid-radicles. 



Filtrate : aci- 
dify a portion 
if yellow, 

with HA and 

add FbA2, a 
yellow preci- 
pitate shows 
VCtO^', the 
Cr having 
been present 
as cyanogen 
acid-radicle. 
Test another 
part for Al by 
adding HCl 
in excess, 
then AmHO 
in excess. 



Residue : dissolve and 
examine for metals 
in the usual manner 

Fe, Co, Mn, Cr, if 
found in this residue, 
were not present as 

,C02Cyi2r*, &c. 



rFi 
(C 



drop by drop, until it no longer gives any precipitate in the liquid 
adding KHO. 



or in 
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486. The advantage of employing this somewhat com- 
plicated and tedious method of Fresenius is that it usually 
enables the analyst to ascertain whether Fe, Co, Mn, Cr, 
when present, fonn a part of a complex cyanogen acid- 
radicle or 8imi)ly act as metals combined with acid- 
radicles. For if Fe, Co, Mn, Cr, are found in the residue 
left after boiling with KHO and NagCOj, they were present 
in the latter form, if found in the alkaline filtrate they were 
present as cyanogen acid-radicles ; if they were detected as 
cyanogen acid-radicles in the aqueous solution they were 
entirely present in that solution in that form, although they 
will also be detected in the examination for metallic-radicles ; 
if they were detected only as metallic-radicles and not as 
cyanogen acid-radicles, they were present as metallic-radicles 
in the aqueous solution. 

487. The following two processes have been proposed for 
removing cyanogen from a substance before analysis, after 
which the substance may be examined for metals in the 
usual way (382, et seq.) ; but these methods, though much 
more easy and rapid, are less perfect than the preceding ones, 
since Fe, Co, Mn, Cr, if detected, may have been present 
either as cyanogen acid-radicles, or as metals imited with an 
acid-radicle, or in both forms. 

1. Pour upon the powdered substance strong HgSO^ in a 
porcelain crucible, evaporate to dryness and ignite the residue 
strongly ; when cold dissolve it by heating with a little strong 
HCl, adding water and heating again. (Eosa) 

2. '* Cyanogen compounds are best destroyed by fusion in 
a porcelain crucible with 3 or 4 times their weight of a 
mixture of 3 parts of AmgSO^ and 1 part of AmNOg ." The 
residue left in the crucible is dissolved and examined for 
metals in the usual way. 
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EXAMPLE SHOWING HOW TO ENTER THE 
RESULTS OF ANALYSIS OF A COMPLEX 
SUBSTANCE. 



The substance given for analysis consisted of a powder 
containing pink, blue, white, and black parti cles. It smelt 
faintly of ammonia. 

488. Preliminary Examination for Metals. 



Expt. 



EXPT. I.— Heated in 
smaU dry test-tube. 



a 



Con/y.— -Held in the 
upper part of the tube a 
guiss rod with a drop of 
ume water hanging on 
its end. 



CoH^j/.— Boiled a portion 
of the substance vdth 
KHO solution. 

Con/y.— Heated strongly 
another portion of the 
dried substance with 
NajCOs in a bulb-tube. 



Exp. II.— Heated a por- 
tion of the substance on 
n loop of platinum wire 
in the Bunsen flame, 
moistened with HCland 
heated again in the 
flame. 

Heated for some time in 
the tip of the inner 
blowpipe flame, moist- 
ened with HCl, and 
again held in the 
Bunsen flame. 



Observation. 



Water given off which 
turned red litmus-paper 
blue. 

Strong smell of NH3 gas. 

Substonce blackened, no 
smeU of burning. 

Slight white sublimate. 
The lime water became 

milky. 
Brown nitrous fumes 

evolved, recognised by 

their smell. 
Cl-gas evolved, found by 

smeU and bleaching 

litmus. 
NH3 gas was evolved, re- 
cognised by its smell, 
' and by giving white 

fumes with strong HCl. 
No mirror formed. 



Bright-yeUow flame. 
The flame appeared 

crim&m througn the 

indigo-prism. 



Crimson col*- appealing 
intense red through the 

. indigo-prism. 

Bright green col"- ivith 
blue core. 



Inference. 



Pres. of H2O. 

Pres. of NH4. 
Pres. of NH4. 
Prob. pres of Co, Cu, and 
abs. of T and A. 

Pres. of As, NH4, Hg. 

CO2 evolved. 

Pres. of nitrate. 

Pres. of CI. 



Pres. of NH4. 
Abs. of Hg and As. 



Pres. of Na. 



Pres. of K. 



Pres. of Sr. 
Pres. of Cu. 



S 



-»« 
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l[^^y4 [ ObBC^fStMIK. iBfiBCSOC 


KxfT. L—Added dflnte 
Ha vfthort heaiiDe, 

1 

! Healed to boOiiiir. 

i 

* 


A colovkai fas vas 

frxaa smell, and taraed 
a drop of fime water 
mSSkj, 
CI was erolyed, recog- 
niMdbf its SBen awl 
by bfeaddng noiBft 
Utona-paper. 


Pres. off earbooaie. 
Aba. off satphfte, faypo- 
rhlottte^^kc 

Ftes^ off nitrate, (^lotate, 
orsomeother oxidising 
snbstance. 


EXPf . n —Added strong 
H,S04. 

C&nfy, — Dropped in 
cr/pper tnrmngt and 

Heated itfougly, cooled, 
and rinsed ont. 
(Om/V.—Bofled a portion 
of the substance witii 
water, added stronir 
H^4. cooled and 
ponred in FeSOi solu- 
tion carefully. 


A bfi^M yellow fhloioiis 
gas erolred, wtrich 
crackled when warmed. 

Beddidi - brown ftamea 
erolred- 

The tube when dry was 
seen not to be etched. 

A brown ring formed on 
the surface (A. the add. 


Pres. <tf chlorate. 
Pres. <tf nitrate. 

Aba. <rf fluoride. 
Fres. of nitrate. 
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490. Examination for Mbtals in the Wbt Wat. 

Boiled a portion of the substance with FegClg, FeSO^ and 
KHO, added HCl in excess, no blue pp. : — Absence of Oy. 

Proceeded to dissolve the substance and examine the solu- 
tion by the General Table. 

(Gontinited on page 276.) 
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EXAMPLE OF ENTRY 



[i 



Boiled a portion of the substance with water ; as it did not c 
upon the undissolved residue : efifervesence occurred, and on boiling 
CI was perceived; the substance was completely dissolved. Co 
previously to give no pp. on addition of a little dilute HNO3 : — 



Xopp. 

Abs. 0/ Group /. 
Hg', Ag, and prob. Fb. 



Dilated with water and passed HjS until the liqnid smdt ill 



A black 



Exam^by Table II. 



Filtrate which gave no fnrthflr M 

Boiled until it no longer smdt d 

on addition of £[N0,, (prob. pnu 

of the HCl 8ol"> to some liu 

boiled ; filtered :— 



A brown pp. 
£xam<L by Table U1.K,\ 



49L Exam*'- op pp. in Group II. — Removed from the 
filter into a porcelain dish and boiled with KHO, filtered : — 



FUtrate: — 
Acidified 
with HCl, a 
white milky 
Uquid only : 

Abs. of 
Group n. B. 



Pp. removed from JUter by a glass-rod into a porcelain dish and 
boiled with strong HNO3 as long as any red fumes came off, 
added dilate B2SO4 and stirred weU : 



No pp. :— 
Ab8.o/Hg 
and Pb. 



Added to sol"- excess of AmHO!: blue solution (Pres. 
ofCu)'.— 



No pp. :— 
Abs.ofBi. 



Acidified the blue sol"- with flCl and satu- 
rated with H2S ; filtered off the black pp. 
rapidly and boiled it with dilate ^SO^ : 



Pp. : dissolved in a 
Uttle boiling dilute 
HNOs, added 
AmHO in excess, 

• then excess of HA, 
then KjFeCye, cho- 
colate-red pp. :— 
Pres. of Cu . 



FUtraU: dttuied 
much and 
passed H^S, 
no pp. :— 
^Abs. o/Cd. 



Exam''- op pp. in Group III. a. 

Dissolved in a little boiling dilute HCl, added pure NaHO 
in excess, boiled and filtered : — 



FUtrate : added HCl gra- 
duaUy tUl the liquid 
became acid (no pp.), 
then AmHO iu excess, 
no pp. :— 

Abs. ofAl. 



Pp. : dried and fused on platinum foil with NagCOj 
and KNO«, boiled the colourless (aits, of Or) man 
when cold with water ; decanted from the undis- 
solved residue : — 



\ 



Residue in the dish dis- 
solved by boiling with a 
little HCl, added several 
drops of KCyS : a blood- 
red coloration : 
Pres. ofFe. 



Sol^ being colourless 

proved aba. of Cr. 
Acidified with HA, boiled, 

and added PbA*. no 
yellow pp. : — 
Abs. ofCr, 
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.y dissolve, the soP- was decanted, and a little dilute HCl poured 
melt. Added a little strong HCl, boiled as long as any smell of 
\oV^ and mixed it with the water sol^- which had been proved 



;a8, filtered :— 



IS pink (prob^pres. of Co). 

some strong HNO3 and boiled to dryness (the colour of the solo* changed to light-brown 
d the residue with HCl, it dissolved completely {Abs. ofH^SiO^). Added a small portion 
d ; no pp. : Absence of {P0^'\ To the rem'- added AmCl then excess of AmHO, and 



ite was again pink (vresence qf Co) : added much AnigS and boiled, filtered :~ 



m'^by Table III.B. 



FUtratewaa yellow (absence of Ni) : added AmsCOs, filtered :— 



A white pp. 
Exam* by Table IV. 



Filtrate, 
Exam<>- iby Table V. 



ExAM^- OP PP. IN Group IILb. 

Einsed the pp. off the filter with some cold dilute HCl, 
stirred well, filtered : — 



Pp. was black and had 
already been proved to 
contain no Ni ; fused a 
portion into a clear 
borax-bead : bead blue 
in both fiames : — 
Pres. of Co. 



Filtrate: boiled until it no longer smelt of HjS, 
added a crystal of EClOs, boiled until the smell of 
€1 ceased, cooled and added pure NaHO in excess :— 



No pp. 
Abs. of Mn . 



Passed H2S into the sol*** 
no pp. :— 

Abs. of Zn, 



Exam''- of pp. in Group IV. 

1. Exam*' by Flame-coV- — Dissolved a small quantity of 
the pp. in a few drops of HCl upon a watch glass, dipped a 
loop of Pt-wire into the sol°* and held it in the Bunsen 
flame : a crimson-red colour was imparted to the flame, which 
appeared intense red through the indigo-prism : Pres. of Sr. 
Tlds coloration was followed by a yellowish-green very per- 
sistent coP- : Pres. of Ba. 

2. Exam''- in the Wet way. Dissolved the rest of the pp. 
in as little boiling HA as possible ; to a small part of the 
solution, perfectly cold, added CaSO^ soP*; an immediate pp. 
formed: Pres. of Ba, 
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To the remainder of the HA sol*-, |»oTed to be add to 
UtmtWy added K^CrO^ nntQ the liqnid appeared jeDoWy 
wanned and poured through a doable filter : — 






To the tltuJUtraU^ which 
AjbHO antil the eolofar ch 
AiDjCO} in ezecai and filtered 



toU^ 



I 



FUtraU 
jected. 



re- 



Pp. ; diaoHed in m fifttle 
pcMBble ; added to « aaal 
lol^ CaaO^ aoK and hoiled, a 
ihowing pro. o/^. 

To the icmaiDder of Oe HA 
added H7SO4, boOed. fittercd, 
filtrate, wh^ gsre no pp. 
boiled with more H^SO^ 
in exccaa and Avi^C^^ no po. 
Abt.iitfCm. 



HA» 

of the 



to the 

being 

AmHO 



KxAM*' OF Filtrate from General Table for Group V. 

Evaporate^l the filtrate to dryness in a porcelain dish, 
Kcraped out the residue upon platinum foil, and ignited 
strongly until white fumes ceased to appear : dissolred the 
residue off the foil by boiling with water to which several 
droj^s of HCl had been added, divided the sol°- into two 
uner^ual parts : — 



To the larger portion added several 
drops of H28O4 and boiled, then 
AmHO in excess and sereral dropn 
of Ani2<'^)^ ; on heatinir, a slignt 
pp. formed ; filtered, and added to 
the clear filtrate Na2HP04, a white 
crrstalUne pp. :— 

Pres. o/Mg. 



Into the gmaUer portion dipped a loop 
of platinnm wbre, and held it in the 
Bonsen flame, an intense ydlow 
col"-: — 

Pres. of Na, 

appearing crimson through the 
indigo-prism : — 

Pres. o/K. 

Confirmed the pres. of K by stirring a 
fresh portion of the sol*- with P^JLi 
on a watch glass, a yellow pp. 
formed. 



Metals found :— Cu, Fe, Co, Ba, Sr, Mg, Na, K, NH^ . 
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492. EXAM^- FOR ACID-RADIOLB& 

The following acid-radicles have already been detected: 

(CO3)", (NO3)', (C103)',. 

By reference to the Table of Solubilities (456), under the 
columns corresponding to the above metals, the only salt 
insoluble in acids is found to be BaS04 ; since Ba is present, 
and the substance is entirely soluble in acids, (SO4) is absent. 

The following acid-radicles have also been proved to be 
absent in the general examination for metals : — 

(CrO^)", by the HCl solution not becoming green on pass- 
ing H2S . 

(AsOg)'" and (AsO^)'", by no pp. forming in Group ILb. 

(SiOg)" and (SiFg)", by no residue insoL in HCl remaining 
on evaporating to dryness with HCl for Group IILa. 

(PO4)'", by testmg with AmHMoO^ in the HCl sol"- for 
Group IILa. _ _^ 

The organic acid-radicles A and T are absent, since there 
was no smell of burning on heating the substance. 

The only commonly occurring acid-radicles remaining to be 
specially tested for are therefore CI, Br, I, (CgO^)", and 
(BO3)'" ; and of these Br and I are probably absent, since no 
violet fumes of I or brown fumes of Br were evolved with 
strong H2SO4 . 



i^. TL^JOLZ TF iJ^!L- [^S*?. 
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SECTION VIL 

APPARATUS, REAGENTS, &o, REQUIRED 
FOR THE POREGMDING COURSE. 



LIST OF APPAEATUS EEQUIRED BY EACH 

STUDENT. 

494. The following list is so arranged that : — 

Division I. contains aU apparatus which is required only 
for the experiments given in Section I. 

Division II. is apparatus required both for Section I. and 
for the Sections on Analysis. 

Division III. is apparatus used only in Analysis. 

Hence a student intending only to perform the experiments, 
in Section L will require the apparatus^ in Divisions L and 
II. If he is omitting this portion and intends only to work 
through the Sections on Analysis, he must he furnished with 
the apparatus in Divisions II. and III. and wiU not require 
that in Division I. 

Note. — Apparatus contained in large brackets [ ] is useful but not 
indispensable : the asterisk marks apparatus which may be kept for 
general use and need not then be supplied to each student. 



Division I. (See note at the end of list, page 283.) 

*1 Wide-mouthed, stoppered, white glass gas jar; about 

24 oz. capacity, and 2 inches inside across the neck, 

whose upper edge should be ground so fis to be closed 

with a ground glass plate. 
*1 Small flanged cylinder, 6 inches in height, \\ inches 

internal diameter, ground at the edge. 
*1 Deflagrating spoon, brass cap 2\ inches across. 
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♦1 Small two-necketl AVoultfe's bottle, not less than 4 oz. 

capacity; or a gmaU. wide-necked bottle of not less 

capacity. 
*1 Small rvtort, best tubulated with stopper, about 4 to 

6 oz. capacity. 



Division II. 

6 Test-tubes, 5 or 6 inches long and from ^ to f inch in 
diameter. 

1 Test-tube cleaner. 

2 Lengths of hard glass tubing, rather more than |^th inch 

internal diameter. 
*1 Thistle funnel 
*[1 Clock glass, about 4 inches across.] 

1 Bound ground-glass plate, 3 inches across. 

2 Porcelain dishes, one 2| inches across, one 3 inches 

across. 
2 Watcli glasses, about 2 inches across. 
1 Small flask, about 4 oz. capacity. 
*Red or black india-rubber tubing ; 1 piece 18 inches long 
and Yw i^c^ internal diameterf, 1 piece 6 inches long 
and y\ inch internal diameter. 
*1 Bunsen-bumer f with separate rose-top. 
1 Small pestle and mortar. 
1 Iron tripod-stand. 
1 Piece of wire gauze, 5 inches square. 
*1 Round file. 
*1 Triangular file. 
*1 Small set of cork-borers. 

*1 Small retort-stand, 12 inches in height, and fitted with 
3 brass rings. 



Division III. 

4 Glass funnels, two 2 inches across at the top, two 2J 
inches across at the top. 



+ The Bunsen-burner and gas-tubing may be fixtures on each working 
bench, and will not then be purchased by each student. 
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[2 Tobacco-pipe cleaners, for cleaning glass tubes.] 
2 Boiling tubes, 6 or 7 inches long, from IJ to 1^ inch 
across. 

1 Test-tube stand with at least 12 holes. 
1 Nest of 3 or 4 small-sized beakers. 
1 Length of glass rod. 
*1 Small porcelain crucible about 1 J inch across, and lid. 

1 Strip of platinum foil, 2 inches by 1 inch. 

2 Pieces of platinum wiref, each 1 J to 2 inches long. 
1 Black's blowpipe. 

1 Pipeclay triangle, 2 inches in the side. 
*1 Pair of brass crucible tongs. 
1 Large flask for wash-bottle, 18 oz. capacity and from 1 
to 1 J inch across the neck. 
*1 Wooden filtering-stand. 
*1 Tin filter-dryer. 
1 Small wicker-basket for draining test-tubes and other 
glass and porcelain apparatus after they have been 
washed. Little toilet-baskets, 12 inches in length by 
5 1 and 4 J inches high, serve well. 

Note For the ^periments with gases the student will also require: — 

*A pneumatic trough, or earthenware pan as a substitute for it (see 

Note, p. 7). 
A small piece of candle. 
A wax taper, or slips of wood. 
A few sound corks of such a size as to fit test-tubes or small flasks. 



Caution, — In a laboratory where many students are 
working, it is best to mark at once each piece of apparatus 
with initials, number, or with some private mark, so as to be 
able to recognise it if mislaid. Glass, metal, or porcelain 
apparatus may be notched with the edge of the three- 
cornered file, or characters may be scratched upon it with the 
sharp points made by breaking off the tip of a three-cornered 
file. Wooden apparatus can be written upon with pen and 
ink, or scratched with the tip of a penknife. 

t Platinum wire containing Ba is not uncommon: it is known by giving 
a persistent green coloui* to the Bunsen flame, and is useless for flame 
colorations. ^ 
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APPAPvATUS FOE GENERAL USR 

495. The following apparatus need not be purchased by 
each student, but should be kept in constant readiness for 
general use : — 

496. An Indhjo-prisni, — A hollow glass-prism having an 
extremely small angle at its extremity, with ground-glass 
stopper fitting water-tight into the neck, is purchased ; this 
is to be very nearly filled with solution of indigo, and the 
stopper then tied in securely with fine copper wire. The 
indigo solution is made either by diluting a solution of 
indigo in strong sulphuric acid until it has the required 
intensity of colour*, or by dissolving indigo-carmine in 
water ; the liquid is then allowed to stand for several days 
to give time for any sediment which may form to settle 
completely, and when quite clear is decanted into the prism. 
In the thicker part of the prism the blue must be so intense 
as to arrest the passage of the light from a flame coloured 
yellow with a sodium compound, and to cause the potassium 
flame coloration to appear crimson-red. 

497. Several small slips of cobalt-glass, — ^This glass is used 
for the same purpose as the indigo-prism, but the prism is to 
be preferred more especiaUy for the examination for Sr. 

498. Set 'of cork-borers. — ^These are used for perforating a 
cork into which a piece of glass tubing has to be inserted (8). 
Nests of borers containing the three or four smallest sizes will 
be sufficient. 

499. Sulphuretted-hydrogen apparatus. — It is advisable to 
employ a large apparatus which will supply this gas to all 
who are working in the laboratory. The use of a small 
private apparatus by each student, not only causes unnecessary 
waste of materials and time, but vitiates the air of the 
laboratory whilst it is being washed out. 

Many forms of apparatus have been devised. to supply 
the gas in a constant stream; probably the following, the 

* The addition of the indigo solution to 1 times its measure of acid 
will usually give the required shade. 
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simplicity, efficiency, and cheapneea of which render ib very 
eatisfactoiy, will be found the most generally useful. 




ilTote.— The level of the liquids 
the vessel A when lowered from 
line. The whole ia drawn in section, 

500. Sidphuretted-hydrogen apparaim. — Two large bottles, 
A and B, with wide nocks, and tubidnres near the bottom, 
and of at least two quarts capacity, are fitted as shown in 
section in figure 39*. India-rubber stoppers should be used 
instead of corks, as the latter soon become sodden with acid 
and rotten, and also lose their elasticity and permit leakage. 
The vessel B is laid upon its aide to prevent breaking tfie 
bottom, and lumps of ferrous sulphide are dropped into it : 
the cork is then inserted, the clamp at E being closed. The 
glass tube fixed in the lower tnbulure of B should be bent 
downwards, so that its end nearly touches the bottom of the 
vessel. This drains the acid out o£ B to the lowest possible 
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level when A is lowered. Strong commercial hydrochloric 
acid* is poured into A, then an equal hulk of water is added, 
and the litjuids an.' mixed by shaking the vesseL 

When tlio gas is required, the vessel A is raised by being 
placed on a stand of suitable height, the acid runs into B, 
generates the gas by acting on the ferrous sulphide, and by 
the pressure of the liquid in A the gas is forced through a 
little water in the washing-bottle C, and thence through a 
bent tube at I) into the liquid which is to be saturated with 
sulphuretted hydrogen. 

AVhen the How of the gas is to be stopped, the screw-clamp 
on the india-rubber joint at E is tightened : by proper 
management of this screw-clamp the stream of gas can be 
either totally arrested or controlled to any required extent : 
this clamp must always bo so regulated as to permit of as 
little waste of gas as possible whilst using the apparatus. 

During working hours the vessel A should be kept raised,, 
as shown in the figure ; when laboratory work ceases it should 
be lowered to the position shown in dotted outline. The 
vessel B is always kept slightly raised by being placed on a 
wooden block or a brick, so as to encourage the flow of the 
last portions of acid out of it into A when A is lowered. 
When the acid is spent, it is easily poured out of A and 
replaced by fresh : lumps of ferrous sulphide are added as 
required through the neck of B. The removal of the spent 
acid and the cleansing of the apparatus should be performed 
in the open air, or at a sink in a cupboard provided with a 
good draught. 

The neck of A may be kept stopped with a cork carrying 
a bent funnel whose bend is filled with oil or glycerine ; this 
lessens the escape of gas dissolved in the acid, and tends to 
prevent the apparatus from causing a smell. If several 
students require to use the gas at the same time, the broad 



* The use of H2SO4 instead of HCl is objectionable, since FeS04 
crystallises in the apparatus, impeding or preventing the action of the acid 
and its flow through the connecting tube : also it does not produce such an. 
easy and rapid evolution of the gas. 
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stopper of B is perforated and fitted with additional tubea 
and wash-bottles, or a system of distributing pipes or 
T'pieces connected with the tube from the cork in B may be 
employed. 

An apparatUB for pri™te usa may be 
fitted as ahown in fig. 40. The larger 
bottle contains pieces of ferrous aulpMde 
upon which HC1, diluted n-itli itn equal 
measure of water, is poured through the 
thistle-funnel : the gaa bubbles through 
a little water in the unollec bottle, and 
thence into the aclution to be saturated. 

The sulphuretted hydrogen ap- 
paratus shoidd stand in a cup- 
board with a glass front and small 
doors, which is not used for any other purpose: the cup- 
board must be furnished with a flue in which a strong 
drai^ht is created by an argand or ting gas-burner, made 
of fire-clay or steatite and not of metal ; if the cupboard 
doors are kept closed as much as possible, and students 
when using the gas are careful to prevent its unnecessary 
escape, the atmosphere of the laboratory may he kept toler- 
ably free from this badly smelling gas. The cupboard should 
have within it a drain into which are emptied the spent acid 
and washings of the apparatus. 

600 a. Pasging sulphuretted hydrogen into a liquid, — 
Each student should keep a bant glass tube (D, figs. 39 and 
40), made according to the directions in par. 9 : when the 
gas has to be passed into a liquid, the shorter end of this tube 
is fitted into the india-rubber joint E, and the other end is 
passed nearly to the bottom of the liquid ; on slightly opening 
the clamp £, a stream of the gas will bubble up through the 
liquid and may be regulated by the clamp ; when the gas has 
passed for aboat five minutes the liquid will generally be 
saturated ; if this is the case it will smell of the gas strongly 
after the air above the liquid has been blown out of the vessel 
and the vessel has been well shaken. Great care must be 
taken to dose the clamp at E completely when the gas is. 
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atopped. The tube D must be thoroughly cleansed after use, 
employing a tobacco-pipe cleaner if necessary for its inaide. 

80L A small agate pestle and mortar (fig. 32, p. S7). — 
This is required for powdering very hard substances, more 
particularly minerals. The substance must have been 
abeady broken into small fragments, and these are then 
crushed to powder by pressure and " trituration*, " until a 
powder is produced in which no particles or grains are felt 
whon it is pressed or rubbed with the peetle or the finger; 
such a powder is commonly termed an " impalpable powder. " 
On no account must a substance be broken by placing it in 
the mortar and striking it blows with the pestle, as this is 
very liable to caose the fracture of the mortar. 

502, Several gmaU leaden cups or a platinum arueibU 
should be kept in readiness for testing for F by paragraph 
(295) or (296). The leaden cups are easily made by beating 
out thick sheet-lead into the required shape, the mouth being 
of such a size as to be readily covered by a watch glass ; the 
small leaden ink pots often employed in school desks serre 
well for this purpose. 

503. A steam-ooen. — This is a small oven of sheet-copper, 

Fio. 11. 




heated to the temperature of boiling water (100° C.) by water 

contained in the space between the exterior of the oven and 

a copper casing which surrounds it (fig. il) : the outer fjwng 

• Enbbing roimd and round under tho peatle. 
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often has a circular opening cut in the top, covered by a lid 
when not in use, which serves as a water-bath (504). The 
level of water in the jacket is maintained constant by a little 
contrivance shown in section at c; a small reservoir com- 
municating by a lateral tube with the space between the 
oven and its jacket is constantly replenished by water 
which drops into it from the supply tube (d), the overflow 
of this reservoir is a tube rising in its centre whose end 
terminates inside above the level of the lateral tube. The 
outlet for steam (f) may be turned downwards, so that any 
water formed by the condensation of the steam drops into 
the reservoir (c), or it may be made to communicate with 
the worm of the still (506), the escape steam being thus 
condensed into distilled water. The steam-oven should 
always be supplied with distilled water, as this prevents the 
formation of a troublesome incrustation in the interior. A 
vessel of distilled water may be connected with the oven by 
a syphon, having a bulb or vertical closed tube at its bend, 
to prevent the air boiled out from the water from stopping 
the action of the syphon : or the escape pipe (/) may be turned 
upwards and connected with a long vertical or oblique tube 
which, if the flame is small, will condense the escaping steam, 
and obviate the necessity of a constant supply of water. 

The steam-oven is employed to drive off the moisture from 
solid substances which require to be dried at a gentle heat. 

604. Several copper water-baths. — The water-bath con- 
sists of a hemispherical copper dish with its edges turned 
over inwards; a series of flat copper rings of gradually 
diminishing diameters are made to rest upon the edges of 
the bath or upon one another^s edges, so that the opening 
at the top can be made as small as may be desired. The 
bath is about two-thirds filled with water, and is heated on a 
tripod-stand until the water boils, the excess of steam escaping 
by a small hole made just below the edge of the bath ; the 
flame should be so regulated that the water is kept gently 
boiling. A small-sized saucepan is a homely substitute for 
the copper water-bath. 

Any liquid requiring to be evaporated at a gentle heat is 

T 
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placed in an evaporating basin upon this bath, its temperatme 
daring evaporation cannot then exceed the tempeiatnre of 
boiling water (100* C). 

The top of the water-oven is frequently made to serve as 
a water-bath, see (503). If the water-bath requires to be 
used for any considerable length of time, it may be supplied 
with water in the same way as the steam-oven (503). 

504 a. The following cheap and simple device serves the 
purpose of both water-bath and steam-oven on a small scala 
Two circular plates of sheet zinc are obtained**^, about four 
inches in diameter, so as to cover the larger-sized porcelain 
dishes used by each student : in one of these a circular hole 
concentric with the edge of the plate and two and three- 
quarters inches in diameter is cut, in the other a wimiliLr hole 
is made one and a-half inches acros& These covers, when 
placed on one of the larger porcelain dishes, nearly filled with 
water and boiled by a lamp, convert it into a water-bath, a 
small dish containing the liquid to be evaporated being sup- 
ported in the hole of the plates : small quantities of liquid may 
be evaporated or solid substances may be dried by placing them 
on a watch glass supported on the smaller perforated plate. 

In a large laboratory, however, steam-ovens and water- 
baths are usually kept constantly heated by steam or boiling 
water, and are used in common by all students. The steam 
from a large water-bath may advantageously be condensed to 
distilled water by connecting the escape-pipe of the bath with 
a long tube or the still-worm. 

505. Several small tubulated flasks. — ^The small flask 
shown in fig. 38 (p. 132) is very convenient for the reactions 
described in pars. 260, 264, and 273, It is the form of 
apparatus best suited for the test for a chloride described in 
(260), because the K2Cr207 powder is not introduced through 
the same tube as the CrOgClg escapes by, and the risk of the 
mixture in the flask spirting into the delivery-tube is rendered 
very small Its neck should be closed by an india-rubber or 
glass stopper. 

* Any working tinman will make them to order. 
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DISTILLATION OF WATER 

As has been already shown (Exp. 31, p. 24), water ordinarily 
contains certain solid substances dissolved in it which render 
it in a chemical sense impure ; such water is therefore unfit 
to be employed for the processes of solution and washing, 
since any impurity thus introduced into a substance 
during analysis would be considered when detected to have 
been present in the original substance. The quantity of 
these impurities present in any particular water-supply will 
depend upon the nature of the soil with which the water has 
been in contact previous to its collection. The water sup- 
plied in some districts will be found when subjected to the 
tests given in [(526) Eemark 41] to be almost perfectly pure ; 
carefully collected rain-water will invariably yield no indi- 
cation of dissolved impurity; the water supplied to the 
majority of laboratories will, however, be found to be unfit 
for analytical purposes, until it has been freed from the solid 
substances dissolved in it by being subjected to the process 
of distillation. 

In most towns distilled water can be purchased, but it is 
preferable to distil in the laboratory or its immediate neigh- 
bourhood all the water required for use. For this purpose 
the steam obtained either from a steam-boiler or from a 
copper-still heated by a furnace or gas-burner, or from the 
water-baths and steam-ovens in the laboratory, is condensed 
by a tin worm-pipe immersed in a tub through which a con- 
stant stream of cold water runs. 

606. The following constant apparatus has proved most 
serviceable in the author's laboratory, and may be used 
wherever gas and water are laid on in a suitable way. Its 
advantage lies in the fact that the still is constantly supplied 
with the hottest portion of the water from the condenser through 
a lateral tube. When the apparatus has been properly fitted 
up and the supply adjusted, it requires no attention whatever 
except lighting and extinguishing the gas under the still, and 
turning the water supply on and off when distillation is 
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started and stopped : it is advisable occasionallj to remove 
from the interior of the still, and from the sapply-tube con- 
necting it with the condensing vessel, the deposit which 
accumulates by evaporation of the water. 

The accompanying sketch (fig. 42) renders a lengthened 
description of the apparatus unnecessary : it represents the 
apparatus in section. A copper-still (A) is heated bj the flame 
of a large-sized Bunsen-bumer or by a ring gas-burner, the 
steam passing off from the top of the still through a tin tube 
bent into a spiral form in the condensing tub (B) which is 

Fio. 42. 




made of copper or galvanised iron ; from this condenser the 
distilled water flows into a large stoneware vessel (C), with a 
tap below from which the water is drawn when required. A 
long syphon-tube (CD) serves as a gauge. The condensing- 
tub (B) has three tubes let into the side facing the still ; one 
of these (c?), placed about an inch above the bottom of the 
vessel, is the inlet for cold water from a cistern whose water 
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level must be higher than that maintained in A and B ; this 
level is marked by the single dotted line, and is kept constant 
by the overflow-tube e, which is connected with a pipe leading 
to a sink or drain. Just below this overflow-tube is a short 
tube (/), which is on a level with another (^), opening into the 
side of the still ; by connecting these two tubes with an india- 
rubber joint, a supply of warm water from the upper part of 
the condenser is furnished to the still, keeping the level of 
water in it constant : a small glass jet drawn out from a piece 
of glass tubing is fitted into this connecting-tube, and has 
been found sufficient to prevent a too free circulation of water 
between the still and condenser. The still is supported on 
an iron ring, projecting as a bracket from the condenser. 
By having two taps in the inlet-tube (d), or by using two 
clamps on the india-rubber joint which connects it with 
the supply-pipe from the cistern, much time is economised, 
as the flow of water may be regulated once for all by one 
tap or clamp, the other being used only for stopping and 
starting the stream. The copper-still should be furnished 
with a lid screwing upon its mouth for convenience in 
removing the deposit which collects within, and into this lid 
should be fastened a brass tube carrying a screw-union by 
which the tin condensing-pipe maybe fastened steam-tight to 
the still. The wooden stand for the still and storing jar is 
conveniently fitted with shelves and doors to serve as a 
cupboard. Such a copper-still, 23 inches in circumference 
below and 8 inches in height, when filled to a height of 4 
inches and heated by the largest-sized Bunsen-bumer, yields 
2 litres of distilled water per hour. 

In laboratories where a larger supply of distilled water is 
required, a copper still of several gallons capacity may be set 
in masonry and heated by a small furnace fed with coal or 
gas. The overflow from the still-tub should then pass into 
a small cistern whose overflow-pipe keeps its water surface 
level with that required in the still : and the still and cistern 
are connected by a tube bent downwards in its middle to pre- 
vent the passage of water from the still to the cistern. 

For tests of purity see Remark 41 (526). 
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RECOVERY OF THE METALS FROM SILVER AND 

PLATINUM RESIDUES. 

When AgNOg or PtCl^ has been added to a solution the 
liquid is not to be thrown into the sink. 

607. Silver residttes, — If AgNOg has been added to a 
liquid it must be emptied into a vessel*, labelled " Silver 
residues/' containing strong HCl which piecipitates AgCL 
Whea the vessel is full, the AgCl is allowed to settle, and the 
liquid decanted from the AgCl ; more HCl is then poured in, 
and the vessel is again ready for usa When a sufficiently 
large quantity of AgCl has been formed, let it settle, decant 
off the liquid, and wash the precipitate well by decantation ; 
pour it upon a filter, and dry upon the filter. One of the 
two following methods may then be employed to obtain 
metallic Ag from the AgCl : — 

1. Mix the AgCl with twice its weight of a mixture in 
equal proportions by weight of NagCOg and KgCOg ; place this 
in a clay crucible of such a size that the mixture only half 
fills it, and heat in a furnace until the mass becomes liquid ; 
maintain it in a fused condition for about five or ten minutes, 
remove the crucible, and tap its bottom several times gently 
upon a brick to cause the fused particles of Ag to unite. 
Allow the crucible to cool, break it up, and wash the button 
of Ag, which will be found at the bottom, until it is qxdte free 
from adhering salts. 

This button is then dissolved by heating it in a flask with 
pure strong HNO3 previously diluted with about half its 
measure of water ; the solution is evaporated to dryness, the 
residue dissolved in a little water and once more evaporated 
to complete dryness. The AgNOg is then dissolved in 
the right proportion of water to furnish reagent No. 48 
(525). 

2. A readier method for decomposing the AgCl consists in 
placing it in a dish with a little water acidified with dilute 

* Most conveniently a large bottle, with a funnel in its neck. 
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H2SO4, and laying upon the AgCl some strips of Zn free from 
Pb ; after some hours the Ag will be separated as a black 
spongy mass. This is well washed by decantation with hot 
dilute H2SO4, and then washed also by decantation with 
boiling distilled water till free from the HgSO^ ; the Ag is 
dissolved in HNOg as directed in the first process, the solution 
evaporated to dryness, and the AgNOg used for preparing the 
reagent. Any residue insoluble in HNO3 will be unreduced 
AgCl ; this may be filtered off and added to the silver 
residues for subsequent reduction. 

508. Platinum residues. — Liquids to which PtCl^ has 
been added are poured into a vessel * labelled " Platinum 
residues " ; when a sufficient quantity has been obtained the 
liquid and precipitate are poured into a porcelain dish, 
evaporated to dryness, and heated strongly for some time ; as 
soon as the dish is cool the residue is boiled with water, 
which is decanted, and upon the residue some solution of 
oxalic acid is poured ; this is evaporated to dryness and the 
residue strongly ignited. The residue of metallic Pt is once 
more washed with boiling water, and is then dissolved by 
heating it with HCl to which one-third its measure of HNO3 
has been added j the solution is evaporated to dryness, the 
last part of the process being performed over a water-bath. 
HCl is then poured in, and it is once more evaporated to 
dryness and heated for some time on the water-bath ; this 
residue when dissolved in water forms the reagent No. 28 
(525). Any waste scraps of platinum foil and wire should be 
carefully preserved, and after having been cleansed by boiling 
them with HNOg and washing well with water, they may be 
dissolved in HCl and HNO3 and solution of PtCl4 prepared 
as is described above. 

* Conveniently a large glass bottle, with a funnel in its neck. 
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DIllECTIONS FOR PREPARATION OF BEAGENT& 

Soft. — The reagents required for chemical analysis are mucli more 
readily obtaiDe>l at the present time than they were in former jeaiSL 
They can osnally be ]»nrchased in a pore state, and therefore inoeesses 
of preparation, which formerly of necessity occnpied a large pcntion of 
ManiLils of Pra^.-tical Chemistry, are here omitted. It will be found 
usually more economical to purchase pure chemicals than to pr^aie 
them. 

509. Many reagenU are required in a dissolTed or dilated 
state ; it is a matter of much importance that these solutions 
should be made of a proper strength, and that the methods of 
preparing them should be as rapid and simple as possible. 

The strength of the solutions is chosen somewhat arbitrarilj; 
indeed, the strength of a solution may be varied with advan- 
tage according to the different purposes for which the reagent 
is to be employed. It is found, however, that in practice a 
solution of one strength may usually be made to serve all 
analytical purposes. The proportions of liquid or solid to be 
mixed with or dissolved in a certain quantity of water, which 
are given hereafter, are those (or very nearly those) recom- 
mended in standard works on analysis. It is not intended, 
however, to assert that they are for all purposes the best, but 
merely that they are generally suitable. 

610. A good and economical store bottle for liquid reagents 
is the " Winchester quart" bottle, a stock of which generally 
accumulates in a laboratory, being continually introduced 
filled with strong acids. The following methods of filling 
these have been found simple and easy of execution. 

The process of preparing solutions divides itself naturally 
into the "dilution of liquids" (511), and the "solution of 
soUd8"(512). 



611. Dilution of Liquids. 

In the following lists the proportions by measure are stated 
in which the liquid and distilled water are to be mixed ; 
these proportions are roughly, but sufficiently accurately, 
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obtained by measuring with a foot-rule the height of the 
bottle outside from the bottom to the projecting ridge at the 
shoulder, then dividing this height in the required propor- 
tions, and marking the point of division by a line scratched 
upon the bottle with a three-cornered file. Thus dilute HCl 
(No. 2, 524) is made by mixing strong HCl with three times 
its measure of water ; supposing, then, the measured height 
of the " Winchester " to the shoulder to be 8 inches, a file 
mark is made 2 inches from the bottom, and on filling the 
bottle to this mark with strong HCl, then up to the shoulder 
with distilled water, stoppering and shaking up, a dilute acid 
of the required strength is obtained. This method serves for 
numbers 2, 3, 4, 6, and 7 (524). For the preparation of 
No. 1 see column of remarks in the same paragraph. 



512. Solution op Solids. 

For dissolving solids two methods are here described ; the 
former (514) is useful when the solution has to be rapidly 
prepared, the latter (515) requires less attention and may be 
used when the solution is not required at once. 

513. Against each reagent prepared from a solid there is placed, in 
paragraph (524) a number, signifying the number of grams (see 560 et 
seq.) to be dissolved in 1 Winchester quart of water, and in all the lists 
will be found the proportion by weight of solid to water. The former 
number is obtained from the proportion stated in the next column, by 
considering that an average-sized ** Winchester," filled an inch above 
the ridge round its shoulder, holds about 2400 c.c, and since each c.c. 
(560 et seq.) of water weighs approximately 1 gram, we have at once 
the weight of water (2400 grams) contained in the bottle, from know- 
ing its capacity ; and the weight of water being known, the weight 
of solid to be dissolved in it is readily calculated from the proportion 
given *. 

Thus the proper strength of AmCl solution (No. 5, 524) is 1 of solid 
AmCl dissolved in 8 of water, as shown in the fifth column, or a given 



* This method may also be employed when smaller quantities of the 
reagent are to be prepared. Measure the number of c.c. required to fill 
the bottle, coimt the number as grams, and calculate the proportion of 
solid required as above. 
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weight of wmter most have diasolTed in it J^th its wei^t of AmCl ; 
since a " Wincliester*' holda 2400 gnunsof water, we nmat then diasohe 
Li*» . 300 grams of AmG in it to obtain a solution of proper strength. 

614. Method L — Weigh out the requiied quantity of the 
solid substance, dissolve by beating it with distiUed water in 
a large-sized porcelain dish placed on a tripod-stand oyer a 
lose-bumer ; this solution would often crystallise on oooling, 
hence it should be at once poured into some cold distilled 
water contained in a large beaker marked to show the quantity 
of liquid required to fill the " Winchester." WhiLBtJjwuring 
off the liquid press a wet glass rod, held vertically, against the 
lip of the dish, and let the bottom of the dish touch the inside 
of the top of the beaker. These directions will, with proper 
care, prevent the liquid from running down outside the 
beaker. Dilute this up to the " Winchester " mark with 
distilled water, stir well, and if turbid let stand covered from 
dust until clear ; then pour off into the store bottle, carefully 
leaving the sediment behind. If the liquid is wanted in 
haste, it may be filtered into the bottle. The coarse brown 
french filter-paper is useful for this purpose, being strong 
and porous. It is best to filter the liquid before diluting it to 
the full extent, as the quantity to be passed through the filter 
is thus lessened and time economised. 

The above method is of general application in the solution 
of solid& 

615. Mbthod II. — The following method 

Tfin. A^ 

ia advantageous, because the process of solu- 
tion once started proceeds continuously with- 
out further attention. It depends on the &ct 
» that the specific gravity of water becomes 
higher the greater the quantity of solid dis- 
solved in it ; hence if the solid ia immersed in 
the water, and supported near the surface, a 
circulation of the liquid is produced by the 
constant sinking of the water which has been 
in contact with the solid and by dissolving 
some of it has increased in specific gravity, 
this being replaced by the comparatively lighter liquid 
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from below. The circulation of water over the solid 
gradually dissolves it without the use of heat, and without 
requiring any attention after the process has once been 
started 

A glass cylinder (A, fig. 43) open at both ends, haa 
one end covered with a piece of muslin, shown by a fine 
dotted line, which is fastened on by an india-rubber ring, 
embracing its edges : this cylinder, with a muslin bottom, is 
supported in a large beaker by means of two pieces of glass 
rod or tube, bent as shown at c c c ; the cylinder stands at 
such a height that the muslin bottom is about two inches 
below the mark made on the beaker to show the Winchester- 
quart measure. Distilled water is then poured into the 
beaker until it buries the muslin to the depth of about half 
an inch; the weighed substance, best in small pieces, is 
placed in the cylinder, and the whole allowed to stand until 
the solid has been dissolved : with large quantities of sub- 
stance this will usually require several hours, with smaller 
quantities about twenty minutes or half an hour. 

The processes of solution and filtration are performed 
simultaneously by laying a piece of filter-paper upon the 
muslin before fastening it on the cylinder; the filter-paper 
will retard the process, but the coarse grey kind referred to 
above will do so least. 

Perhaps the most advantageous way of using this process^ 
especially for dissolving large quantities of substance, is to 
start it over night ; the solution will then be completed by 
the morning. In this case the filter-paper will be unneces- 
sary, as any fine particles which have passed through the 
muslin will have settled, and the liquid can be decanted from 
them. 

It must be borne in mind that the solution of many 
salts in water, especially such salts as contain water of 
crystallisation, increases the volume of the water; hence 
the quantity of water placed in the beaker must be less 
than the Winchester-quart measure, and the liquid is made 
up to the required volume, if necessary, after solution has 
been effected. 
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Fbf. 43 a. As a conveDient sabsidtute for the glass 

cylinder, A, with muslin bottom, an 
earthenware colander may be employed 
(fig. 43 a), filtration being effected when 
necessary by laying a piece of filter-paper 
inside the colander before placing in it 
the fragments of the substanca Should 
the beaker be able to contain more than 
the Winchester-quart of water, a stoppered 
bottle of suitable size may be immersed in 
it to raise the water-level sufficiently to reach the substance. 



Preparation of Solutions required for trying the 
liBACTioN OF Metals and Acid-Kadiclbs, Section IV. 

616. The solutions required for trying these reactions 
should be prepared of a strength suited to yield them in a 
characteristic manner ; it is therefore advisable that solutions 
of the requisite strength should be kept in readiness, since, if 
the student has to dissolve some of the solid substance himself, 
he is liable not to obtain satisfactory results, either because 
his solution is made inconveniently strong, or because it is 
too dilute. The plan of keeping these solutions in stock is 
also recommended by the consideration that it economises 
the student's time, and tends to prevent waste of chemicals. 

617. In paragraphs (529) and (530) are lists of the solu- 
tions which are required for the complete series of reactions 
in Section IV. : the first column gives the number, the second 
the name, and the third the formula of each substance ; in 
the fourth is stated the number of grams which are to be dis- 
solved in one Winchester-quart of water or acid ; in the fifth 
column the proportion by weight of solid to water, from 
which the number in column 4 was derived ; and in the sixth 
column will be found special remarks relating to the prepara- 
tion of particular solutions. The general methods of pre- 
paring solutions have already been given in paragraphs (514) 
and (515). 
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Pure solid chemicals are almost invariably sold in the crys- 
talline condition, since they have been as a rule purified by 
the process of crystallisation. The weights given below 
are therefore weights of the crystalline substance ; in a few 
cases the substance was weighed in the uncrystalline condi- 
tion — ^these are marked by an (a) placed after the name in 
the first column, signifying " amorphous." Directions for 
labelling the store-bottles of these solutions will be found in 
paragraphs (522) and (523). 



LIST OF THE KEAGENTS. 

518. Paragraphs (524), (525), and (526), contain lists of 
the reagents, solid and in solution, which should be kept in 
readiness in the laboratory; they are dissolved in distilled 
water unless it is otherwise stated. 

The reagents are here divided into two classes. The first 
(524) being in constant use and comparatively inexpensive, 
should be contained in small bottles placed above each work- 
ing bench, or one complete set should be provided for the 
use of each student. The second class (525, 526) are 
less frequently required, or are of a more costly nature, and 
one set may be placed in an accessible part of the laboratory 
for the use of many students. 

519. Each reagent is numbered in the following lists ; this 
number is a convenient means of reference and also serves to 
keep the reagent bottles always standing in the same order, 
which much facilitates finding any bottle when wanted ;^ 
the student is recommended to keep his bottles arranged in 
the order indicated by these numbers. The full name and 
chemical formula accompany each number, and every label in 
the laboratory should carry legibly the number, name, and 
formula of the reagent it contains. 

520. In the last column of each list are placed remarks as 
to the preparation and the condition of the reagent. The 
numbers found in the last column but one express the strength 
of the solution of the reagent if a liquid, by stating the 
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proportion of the strong liquid or solid as purchased to 
the water with which it is mixed or in which it is diBsolved, 
the proportion being expressed as a ratio in which the water 
always stands last ; in the case of liquids the numbers express 
proportion by measure (m.), in the case of solids the propor- 
tion by weight (w.). A number is also placed in the four^i 
column opposite each reagent prepared by dissoliring a solid 
substance, which denotes the weight in grammes of the solid 
to be disAolved in a Winchester-quart bottle of water. 

Thus No. 2 (524), hydrochloric acid, is prepared by miTiTig 
strong HCl with 3 times its measure of distilled water. No. 5, 
ammonium chloride, is made by dissolving solid AmCl in 8 
times its weight of water, or by dLssolving 300 granmies of 
solid AmCl in one Winchester-quart of water. Fnll descrip- 
tions are given in paragraphs (511), (514), and (515), of the 
methods used for making these solutions. 

52L The special reagents which stand on shelves above 
the bench are kept in small bottles ; the solids Nos. 18-21, 
(524) in 4 oz. "vvide-mouthed stoppered bottles which are 
filled when necessary from the store jars (stoneware jars with 
ground clasp-covers)*, the liquids (Nos. 1-8) in narrow 
necked 6 oz. bottles and (Nos. 9-17) in 4 oz. bottles supplied 
from the Winchester-quart bottles in which the store solu- 
tions arc kept. The general reagents (525, 526) should be 
kept in bottles of not less than 12 oz. capacity. 

522. Labelling. — Bottles intended to contain strong adds 
or alkalis should have labels etched upon the glass, such 
bottles are easily obtained; an ordinary paper label, how- 
ever, protected by paraffin varnish, which is applied accord- 
ing to the directions given below (523), will last for a con- 
siderable length of time. 

The paper labels required for reagents and storo bottles are 
most conveniently kept ready gummed in the form of sheets 
either separate or stitched together into the form of a book. 
They must be stored in a dry place. They should bear in 



* Powdered solids are conveniently removed from large store jars by 
means of wooden spoons. 
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bold legible type at least the full name and formula of the 
substance, the number, if not already printed, being written 
upon each* Great care should be bestowed on making the 
moistened label adhere over its whole surface by gentle pres- 
sure with a clean cloth. 

N"ames or formulae painted upon the clean glass with 
"Brunswick black" paint are very permanent, resisting 
ordinary wear and the action of chemicals perfectly. 

523. Varnishing labels, — It is advisable to varnish each 
paper label, which is intended to be permanent, as soon as it is 
perfectly dry; the label is thus protected against being soiled 
or wetted. The ordinary process consists in first sizing the 
Jabel by brushing over it a solution of isinglass in water, and 
then, as soon as this has perfectly dried, applying a thin coat 
of label varnish ; the bottle must not be used until this var- 
nish is quite hard. 

A much more simple process of varnishing consists in melt- 
ing some solid paraffin, which must not be heated so strongly 
as to cause it to emit vapour, and brushing this rapidly over 
the dry label with an ordinary varnishing brush; after a 
little practice a uniform film can be applied which does not 
soak into the paper, hardens immediately, and resists the 
action of water, acids, and alkalis. The chief precaution 
to be observed is to heat the parafl&n as little as possible 
above its melting-point, as, if it is too hot, it greases the 
paper. 

* A book of labels ("A Series of Chemical Labels for use in Labora- 
tories") is sold by Messrs Mottershead, of Manchester, which contains the 
name of each substance in full, printed in clear type, space being left to 
insert formula and number. 

Messrs Mottershead also supply gummed sheets of labels, printed 
especially for use with this book, containing all the numbers, names, and 
formulae in the lists in pars. 524, 525, 526, 529, 530, 531, and 532. 
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REAGENTS REQUIBED 



5S4. ^BkAGENTS BEQt 



Kefcrcnce 
nmubttr. 



liquliUi. 

I. . 

3. . 

5. . 

C. ... 

7. . 

o* •• • 

9. . 

10. ... 

II. . 
X". ... 
13. 

14. ... 

15. 

16. .•• 

17. . 
Solids. 

18. ••• 

19. . 

20. ... 
21. 



2. 
Kame. 



[The numbers in brackets refer to remarks corre- 
spondingly numbered in the sixth oohnnn.] 



Sulphuric acid OX 
Hydrochloric acid (*), 
Nitric acid (»), . 



Acetic acid {*), 

Ammonium chloride (*), 

Ammonia, or Ammonium hydrate (") 

Ammonium sulphide 0> 

Ammonium carbonate ("), 

Ammonium oxalate, . 

Potash, or Potassium hydrate. 

Potassium chromate, . 

Potassium ferrocyanide, 

* Potassium fenicyanide ('), . 
/ 1 Sodium phosphate (}% or 
J Hydric disodic phosphate, or 

Hydrogen disodium phosphate. 

Sodium carbonate. 

Calcium sulphate, 

Barium chloride. 



!*••• ••• *•• 



Sodium carbonate ("),1 
Borax 0^ 

Potassium chlorate, .. 
Test papers. 



3. 
lonnds. 



HsS04 . 

xLvitl ... ... 

HNQs 

iEL^or ) 

HCsHsOz i 

(NH4)2S . 

(NH4)2C03 ... - 

(NH4)2C2O4.2Hj0 
KHO - 

KiFeOye-SHsO... 
KeFejCyi, 

Na2HPO4.12H20 

Na2C!O3.10H,0(ci7B 
i/a»$04 ... ... 

BaCls-SHjO 



Na^CX), 
Na2B407 
KCIO5 ... 



* This reagent undergoes decomposition by exposure to light and must not b« 
t Hydrogen sodium ammonium phosphate (NaAmHP0)4 solution serves beti 
given the above for Na2HP04 . 



•] 
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EACH Bench. 



4. 

ight of solid in 
nana to be dis- 
jlved in one " Win- 
hester" of water. 
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4UU ... ... 

100 . 

ouu ••* ... 

200 

200 

200 

^UU • • • • • • 

[600 

irated8olution(527). 
200 



small crystals. 

ue and red lit- 
mus and turmeric 
papers in small 
strips. 



5. 

Proportion of 
solid by weight 
(w.) and liquid 
by measure 
(m.) to water. 



1 

1 
1 



1 
1 
1 
1 
1 
1 
1 
1 
1 



5 m. 
3 „ 
3 „ 

1 M 

8w. 
3 m. 

1 » 
5 w. 

24 „ 
8 „ 
12 „ 
12 „ 
12 „ 



1 : 12 „ 
1 : 4 „ 
1 12 „ 



6. 

Remarks. 

[The small numbers refer to corresponding 
numbers in the second column.] 



1. Pure strong H2SO4 must be poured in the 

{proper proportion into water contained in a 
arge thin beaker or an earthen jar, con- 
stantly stirring the water all the time : the 
right proportions are obtained by measure- 
ment of tne height of the vessel (511X The 
hot liquid is cooled by immei^g the yessel 
in cold water, and is then poured into the 
store bottle. If the acid is pure, no white 
precipitate (PbSOO forms on dilution. 

2. Must be colourless, and give after dilution 
no precipitate with either BaCL or HjS. 

3. Must give no precipitate after dilution, with 
BaClo or AgNOa adaed to separate portions. 

4. Must give no precipitate with BaCls . 

6. Must give no precipitate or colorauon with 
Am^S. 

6. Must give only a very slight precipitate 
with lime water, no coloration with AmoS, 
and separate portions acidified with HNO« 
must give no precipitates with BaCls and 
AgNOs. '* Liquor ammoniaD fortissima," of 
880° specific gravity, is bought. 

7. Must be yellow, and give with acids H2S 
and a white precipitate of S : it must give no 
precipitate with solutions of Ca- or Mg-salts. 

8. The solid Am2C03 is dissolved by being 
heated with water in a porcelain dish (514) : 
in diluting, one-fourth of the " Winchester " 
must be fuled with strong AmHO . 

9. Must give no blue precipitate with Fe2Cls 
solution. 

10. Must yield no precipitate with AmHO . 

11. Dry finely-powdered solid. It must, after 
having been dissolved in excess of HNOs, 
give no precipitate with BaCls or AgNOj, or 
AmHMo04(277), and if evaporated with ex- 
cess of HCl must leave no residue insoluble 
in dilute HCl (290 a). 

12. The borax is best dried by heating in a 

Elatinum or porcelain dish until after melt- 
ig it has again become solid ; this solid 
mass is then finely powdered in a mortar 
and kept in a stoppered bottle. 



a window, 
ipitation of Mg than does NajHP04 solution : it is prepared of the strength 
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GENERAL REAGENTS 



525. — EsAOEKTS FOB Genera 

NoU, — Except in largi> laboratories it will be onnecessaiy to k 
in the laboratory, may be made up to the right strength ae soon & 



1. 



Reference 
nainl>er. 



25. 
20. 
27. 
28. 
20. 
80. 

31. 

32. 
33. 
84. 
85. 

36. 

37. 

38. 
30. 

40. 

41. 

42. 
43. 
44. 
45. 
46. 
47. 
48. 
40. 
50. 
51. 
52. 
53. 



2. 

Name. 

[The small numbers in brackets refer to remariEB 
correspoiidiiigly numbered in the fifth colnmn.] 



Rulphnric acid (10 .... 

Hydrochloric acid O * 

MtricacidCr 

t Platinum chloride 

Alcohol, Rectified spirit (i") . 

Tartaric acid Q*) 

Acid sodium tartrate, Hydric sodic tartrate 

Slaked lime (*>) 

Acetic acid (•)• 

Cobalt nitrate C^ 

Hydrofluosilicic acid C) 
( Sulphuretted hydrogen solution )^ 
( Hydrogen sulphide 



(W) 



f(") 



Oxalic acid 



Potassium snlphocyanide 
Potassium nitrate 

Lead acetate (^) 



Sodium acetate . 

Potassium cyanide (2«) 
Bromine-water (*') % . 
Stannous chloride (^^) 
Copper (2«) 

Zinc(«®) 

Steel (31) . 

Silver nitrate 

Sulphurous acid 
Copper sulphate 
Magnesium sulphate . 
Mercuric chloride 
Gold chloride 



3. 



Fonni 



H,S04 

Ha 

HNO, 

PtCl4 

CjHeO 

HjTotHsC^ 

f NaHT.HgO 
( NaHCAO. 
Ca(flO)2 
HA or HCsI 
Co(N03)2.6B 
HjSiFg . 

HsS-aolntio] 

J H2O.2H2O 
( H2Cg04.2Ho' 
KCyS ... 
KNO3 . 
f PbAj.SHjO 
\ Pb(C2H302)2 
/ NaASHaO 
( NaCsHsOz-S 
KCy or KCI 
Br-water 
Sna2.2H20 
Cu 
Zn 
Fe 

AgNOa -. 
H2SO3 . 
CUSO4.5H2O 
MgSO4.7H20 
HgClg ... 
AUCI3 . 



* See last column on the preceding page. 

+ Must be used in very small quantity only, being an expensive reageu 
X Soditim hypochlorite (NagClaO), the ** Liquor Sodse Chlorinatae ** of 
may be used, but does not keep well. 
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THE Detection op Metals. 

K-^nts in store in quantity. The 12 oz. bottles in which they are contained 
t jty by the proportions stated below in column 4. 



4. 

VDportion by weight of 

■wlid to water : and 

i^ieJc^t in grams for 

a 12 oz. bottle in 

square brackets. 



Strong pure. 



»» 



» 



>> 



»» 



1 : 30 [15 grams]. 

Strong. 

1 : 10 [45 grams]. 



,. Solid. 

. Strong. 

,. 1 : 12 [40 grams]. 

. See (528. 4). 

.. See (528. 1). 

. 1 : 12 [40 grams]. 

.. 1 : 100 [5 grams]. 

. Solid. 

,. 1 : 12 [40 grams]. 

. SoUd. 

.. Solid. 

,. 1 : 12 [40 grams]. 



1 : 20 [30 grams]. 
See (528. 2). 
1 : 12 [40 grams]. 
1 : 12 [40 grams]. 
1 : 20 [80 grams]. 
1 : 30 [15 grams]. 



5. 

Remarks. 

[The numbers in this column refer to those in brackets in 

the second colunm. 



17. l^ust be colourless and form no brown ring when poured 
below some FeSOf solution (247). 

18. Strong rectified methylated spirit, which must leave no 
residue on evaporation, and remain clear on dilution. 

19. The solution should be mixed immediately after preparation 
with several drops of carbolic acid to prevent a vegetable 

growth forming in it : or better still some crystallised HjT 
should be dissolved when wanted. 

20. Dissolve 10 grams of HjT in 100 c.c* of water, divide this 
solution into equal parts, exactly neutralise (35) one part by 
heating it nearly to boiling and stirring in solid Na^COs in 
powder ; add to this the omer part, cool and dilate to 150 c.c. 
A few drops of carbolic acid should be added to the solution. 

21. Pieces of freshly-burnt lime are placed on a plate, and 
water is poured upon them until they begin to api>ear moist 
on their surface ; the superfluous water is then drained off, 
and as soon as the Ihne has crumbled to powder, the powder 
is placed in a broad-mouthed stoppered bottle. 

22. The bottle should be closed with a loosely-fitting india- 
rubber stopper, perforated, and with a glass tube passed 
through it and dipping into the solution ; when a drop of the 
solution is required, lae upper end of the glass tube is closed 
by the finger, and a drop is delivered from the opposite end 
by slightly relaxing the pressure of the finger. 

23. The solution must give no precipitate with Sr(N0s)2 
solution. 

24. This solution must not darken on adding AmHO. 

25. A little HA must be added to this solution to make it clear. 

26. Solution of KCy is made (1 : 12) ; it decomposes so readily 
that the solution is best made immediately before use by 
heating a small piece of solid KCy with distilled water. 

27. A few drops of Br dissolved by well shaking with water. 

28. Crystals of SnClz should be dissolved by heathMj them with 
water containing some HCl ; the solution should be kept in 
a well-stoppered bottle containing pieces of granulated or 
block tin. 

29. In strips cut from thin copper-sheet. 

30. In strips or rods, or granulated ; it must be proved to be 
free from As by (181, 182, or 183). 

31. C!ommon knitnng-needles broken into short lengths, and 
kept in a bottle containing pieces of quicklime to prevent 
rusting. 



c.c. is the contraction for cubic centimetre. See weights and measures (660). 
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Refer to note 



1. 



Reference 
namber. 



57. 
58. 
50. 
00. 
fil. 
02. 
03. 
04. 
05. 
00. 
07. 
08. 
09. 
70. 
71. 
72. 
73. 
74. 

75. 

70. 
77. 
78. 
79. 



80*. 

81. 

82. 

83. 

84. 

85. 

80. 

87. 

88. 

89. 



2. 

Name. 

[The small ntimben tn bncketo refer to oorre> 
spending nombers in the fifth colnnui.] 



Lime water ...... 

Lead acetate in potash C^ 

Potassium dichromate . . . . 

Chlorine water 

Ferric chloride (") 

Perrons sulphate ^^) , 

Potassium iodide ..... 

OImLTvU I M ••• ■•• ••• ••• ••• ••! 

Indigo-solation (**) 

Manganese dioxide CO 

Potassium dichromate (**) .... 

Ether (methylated) 

Carbon disulphide ..... 

Potassium nitrite (") 

Mtrogen tetroxide solution .... 

Ammonium molybdate 0*) 

Calcium fluoride ..... 

Potassium disulphate 

( Microcosmic salt, or \(Uia\ 

( Hydric ammonic sodic phosphate )^ ' 

Wax, orparaffln 

Calcium chloride ..... 

Potassium chloride 

Marble ....... 



Distilled water (4^ 

Pure sodium hydrate (<2). Pure soda 

Fusion mixture (<») 

Barium carbonate (*<) ..... 
Solution of sodium acetate in dilute acetic acid (^) 
Sodium nitrate (") (solid) .... 
Silica, or finely powdered white sand. (See 548. 4.) 

Hydrofluoric acid (^0 

Barium hydrate (in crystals) 

Zinc sulphate. (See No. III.) 



Foimuk. 



Ca^O), 

PbAa+KHO 

K,Cr^,. 

Cl-solution 

Fejd^ . 

FeS04.7HiO 



MnOz 

KjCrjOy . 

CSs 

KliiOj 

N204-8olution . 

(NH4)HMo04 

CaFj 

KHSO4 

NaAmHP04.4H^ 



CaCl2.eHtO (cryib 
CaOO, 



H2O 
NaHO 

NaaCOs+KaOOs 
BaCps 

NaA+HA 
NaNOa 
Si02 
HF 

Ba(HO)fe.8H20 
ZnS04.7H20 : 



^ 



Nos. 80-89 are certain sp 
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B THE Detection op Acid-radicles. 

heading of (525). 



4. 

Proportion by weight of 

solid to water : and 

weight in grams for a 

12 oz. bottle, in 

square brackets. 


5. 

Remarks. 

[The numbers in this column refer to corresponding 
numbers in the second column]. 


See (527). 

1: 24 [20 grams]. 
.. See (528. 8). 

1 : 24 [20 grams]. 
.. Solid. 

1 : 60 [8 grams]. 
.. Solid. 

.. SoUd. 
. SoUd. 

.. 1: 24 [20 grams]. 
. See (528. 6). 

In powder. 
.. In smaU pieces. 

In smaU crystals. 

.. SoUd in pieces. 

1: 12 [40 grams]. 
.. 1: 12 [40 grams]. 
. In pieces as large as a pea. 


32. To some of the PbAj solution (No. 40) KHO solution is 

added until, on wanning, the precipitate at first formed 
is just redissolved : paper dipped into this Uquid is a 
very deUcate test for HjS (230). 

33. The solution should not contain any free acid : to re- 

move acid AmHO is added until the further addition 
of a single drop gives a reddish-brown precipitate of 
Fe^HOe in the solution. 

34. FeS04 solution rapidly oxidises in the air, hence the 

FeSOf should be Kept in the soUd state as small green 
crystals, which should not show a yeUow coating in 
any part; these are dissolved when required by 
• crushing and shaking with cold water. 

35. Starch solution rapidly changes, it is best therefore to 

keep the starch as a powder. Starch solution is made 
by stirring 2 grams of this powder, which has been 
made into a paste with 10 c.c. of cold water, into 100 
C.C. of boUing water and cooling. 

36. Made by dissolving indigo-carmine in water. 

37. Should be kept in fine powder ; it must not evolve CI or 

CO2 when warmed with strong H2SO4 . 

38. In small pieces, or in powder. 

39. The solution is prone to change, and should be made in 

smaU quantity only : it must evolve copious red fumes 
when mixed with H2SO4 . 

40. Make the solution with the foUowing proportions :— 1 

gram of Am2Mo04 is dissolved in 12 '5 c.c. of strong 
AmHO which has been previously mixed with an equal 
quantity of water, the solution is aUowed to stand (if 
necessary) tiU clear, then poured off into 25 c.c. of 
strong HlyOs: the Uquld will become hot, and should 
be allowed to stand untU it is cool before being used. 




40 a. The HNOg solution of this salt must yield no precipitate with AgNOj. 

41. Must leave no residue on evaporation ; in separate portions no precipitates 

must be caused by BaClj. AgNOs, or Am2C20^, neither must any precipi- 
tate or even dark coloration be produced by addition of AmjS. 

42. The proportion by weight should be 1 : 10 of water ; it is best kept in green 

glass bottles, as it slowly dissolves Fb from white flint glass. The solution 
must not become dark in colour when mixed with HoS, nor give a gela- 
tinous precipitate (AIjHoq) when mixed with excess of AmCl solution. 

43. Dry finely powdered NagCOs and £[2^03 are intimately mixed in the propor- 

tion of 58 : 69 by weight, and kept in a stoppered bottle. 

44. Pure powdered BaCOgis either purchased, or is made by precipitating BaClg 

solution completely with Am2C03 or Na2C03 solution, and washing the 
precipitate weU by decantation. This powder is then mixed with distiUed 
water to the consistency of thin cream. 

45. Dissolve 20 grams of NaA in 60 c.c.of distiUed water, and add to the solution 

40 c.c. of strong HA. 

46. By neutralising strong hot NagCOs solution with HNOg and evaporating to 

dryness. Sold also as Chili saltpetre. 

47. Purchased and kept in gutta-percha bottles. 



reagents entered apart. 
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PREPAKATION OF SATURATED SOLUTIONS. 

By a ''saturated solution" is meant a solution containing the maxi- 
mum quantity of the substance which the solvent can diasolye : this 
quantity varies with the temperature of the solution: the solutions 
spoken of in this book are saturated at the ordinary temperature. 

Preparation of Saturated Solutions of Solids. 

^627. The method described in (515) may be used, or the 
substance in powder may be constantly shaken up with the 
solvent for some time, and the solution then separated from 
excess of the solid by decantation or filtration. The most 
ready method of preparing a saturated solution of Ca(H0)2, or 
of CaS04, is to pour some of the powder into a Winchester- 
quart, then fill it up to the shoulder with water, and miY the 
powder thoroughly with the water by shaking the bottle ; the 
shaking is repeated at intervals during half an hour or more; 
the bottle is then allowed to stand until the excess of powder 
has settled and the liquid above it is quite clear, when the 
liquid is poured off into another " Winchester," leaving the 
powder behind ; fresh water is poured upon this powder and 
more solution made as above by constant shaking, the bottle 
being allowed to stand by until the fresh supply is required. 
By thus making a fresh stock of solution whenever one lot is 
decanted, time is allowed for the freshly prepared solution to 
become perfectly clear before it is required for use. 

1. Lime-water is made in the above manner by shaking 
slaked lime in powder with common tap-water. 

2. Calcium sulphate solution is prepared by saturating dis- 
tilled watei* by the above means with gypsum or plaster of 
Paris in powder. 
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FrBPARATIOM op SATDBiTBD 8OLOTIONB OP GaSBS. 

528. The gas ie made to bubble in a constant stream from 
the end of a glass tube which dips nearly to the bottom of 
the liquid (fig. 44) ; the liquid must be kept cold, and be cod- 
tained in a bottle wbich is fitted with an accurately ground 
stopper. In order to ascertain whether the Bolution is eatai- 
ated, the bubbles of the gas are occaeionolly watched to see 
whether they diminish in size as they rise through the liquid ; 
if they do not, .the bottle, after being closed tightly by the 
thumb or by inserting the stopper, is violently shaken; if 
this causes a pressure and escape of gas from the bottle into 
the air on unclosing its mouth, the liquid is saturated; if, on 
the contrary, it causes a pressure of air into the bottle, the 
gas most be passed t^ain for some time, and the trial repeated, 
until on shaking as directed above, an outward pressure is 



NoU. — All tha preparations mentioned below should be made in a 
draught cupboard, as the gassB are injurious to the lungs if inhaled. 

1. Sulphuretted hydrogen golution is made by fitting the 
bent tube a b (fig. 44) by means of the india-mlaber joint c, 
upon either of the apparatus described in (500) for the 
preparation of HjS ; the gaa is. thus made ^la 44 

to bubble throi^h the distilled water (best e 

recently boiled to expel air, and cooled) until 
it is saturated. The solution should not 
be made in large quantities at a time, as it 
gradually decomposes, depositing sulphur 
and losing its smell, it is then imfit for use. 

2. Sulphurous acid solution is prepared 
by passing sulphur dioxide gas int« dis- 
tilled water until it is saturated. The gaa 
is made by heating scraps of copper with strong H^SOj in a 
glass flask fitted as is shown in A {hg. 45). The gas passes 
from the flask through some water contained in a washing 
bottle as shown at B (fig. 45), and from this bottle into the 
distilled water (fig. 44) through the tube a h, which is con- 
nected with the outlet tube of the washing bottle by means 
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of the india-rubber joint f. 
well-stoppered bottle. 



The aolatiou muet be kept in 




3. Ciilorine-icuier. — Chlorine gas ia m&de in the apparatus 
shown in fig. 45, by gently heating manganic oxide in lumps 
or powder, in the flask A with some strong commercial hydro- 
chloric acid, previously mixed with a third its volume of 
water. The gas babbles through a little water in the washing 
bottle B, and thence through the bent tube a b into the dis- 
tilled water (fig. 44). This solution must be kept in a dark 
place, or in a bottle which is coated with black paper, as it 
undergoes alteration by light. 

i. Uydrofluogllicic add is made by passing silicon fluo- 
Fio 46 "'^^ S*^ '^^*' water. The gas is prepared 

in a flask fitted as shown in A, fig. 45. 
Into this flask there is first poured an inti- 
mate mixture of 50 grammes of dry, pure, 
finely powdered fluor-spar with SO grammes 
of fine white sand ; 300 grammes of stioi^ 
HjSO, are then poured into the flask through 
the funnel tube, and the acid is mixed with 
the powder by shaking it round in the flask ; 
the gas is caused to be evolved by gently 
heating the flask, and is made to pass first 
through the bottle B (fig. 45), which must 
be empty and dry inside ; thence it escapes through a bent tube 
a h (fig. 46), which isjfitted upon the outlet tube of B by an 
india-rubber joint : the end of the tube, a b, is made to dip 




528.] 



SATURATED SOLUTIONS. 



313 



into mercury contained in a small beaker d (fig. 46), which 
stands in a large beaker containing 400 c.c. of water. As 
soon as the silicon fluoride gas comes into the water, after 
escaping from the mercury, it is decomposed into hydrofluo- 
silicic acid which dissolves in the water, and silica which 
remains suspended in the water as a gelatinous mass ; the 
silica very soon closes the end of the delivery-tube a b unless, 
it is kept immersed in the mercury. As the current of gas 
slackens, the heat is raised, until white fimies of HgSO^ begin 
to appear in the preparation flask ; the process is then arrested 
and the gelatinous silica is separated from the solution by 
squeezing the latter through ^e muslin and afterwards filter- 
ing it if not quite clear. The silica may be dried, heated 
strongly in a porcelain dish, and put by in a stoppered bottle 
as reagent Ko. 86 (526), for which it serves admirably. 

6. Nitrogen-tetroxide solution, — Lead nitrate in dry 
pieces is heated in a test- 
tube fitted with cork and 



Fig. 47. 




delivery-tube (fig. 47), 

and the red fumes which 

escape are passed into 

dilute HgSO^. Care must 

be taken to maintain the 

heat uniformly after the 

fumes begin to be evolved, 

else the liquid may be 

sucked back into the hot 

tube by the contraction of the gas on cooling; also the 

delivery tube must be removed from the liquid as soon as 

the heating is stopped. 
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NoU, — Each bottle should bear on its label the number, name, and foimiM 
tions, containing the powdered solid of each of those substances whose nui 
number, and formula of the substance. 



1. 

Reference 
number. 



100.S. 

101.8. 

102. B. 

103.8. 

104. 

105. 

100. 

107.8. 

108.8. 
109.8. 

110.8. 

111.8. 
112.8. 
113.8. 
114.8. 
115.8. 
116.8. 
117.8. 
118.8. 
119.8. 

120.8. 

120. 
121.8. 

122.8. 

123.8. 

124. 

125. 

126. 



2. 

Name. 

[The numbers in brackets refer to similarly 
numbered remarks in the last column.] 



Potassium chloride 

Ammonium chloride 

ScxUum chloride. . 

Magnesium sulphate 

Barium chloride . 

Strontium nitrate 

Calcium chloride 
f Alum, or 
( Aluminium potassium sulphate 

Ferric chloride (a)* 

Ferrous sulphate (*■) 

( Chrome alum, or 

\ Chromium potassium sulphate 

Zinc sulphate 

Manganese chloride (a) 

Nickel sulphate 

Cobalt nitrate 

Mercuric chloride 

Lead acetate {*^) . 

Bismuth nitrate (»o) 

Copper sulphate (a) 

Cadmium sulphate (a) ... 
( Arsenious oxide (a) (*i) 
1 Solution in dilute HCl 
( Arsenious oxide (a) ^^ 
\ Solution in water 

Sodium arsenate 

Antimonious chloride (^^ f 

Stannous chloride (*<) . 

Stannic chloride (**) ... 

Silver nitrate 

Mercurous nitrate (**) 



} 



} 



3. 
Fonnnla. 



AmCl 

NaCl 

MgS04.7HsO .» 
BaC]2.2H20 
Sr(NO3),.4H,0 
CaCl2.6H20 

AlK(8O4)2,12H,0 

Fe2Cl4i * 
FeSO4.7H20 ... 

CrK(SO4)2.12H20 

ZnS04.7H20 ... 
MnClj . 
NiSO4.7H20 ... 
Co(NO3)2.6H20 

HgCl2 

PbAs.SHjO 
Bi(NO,)s.5H,0 
CaS04.6H,0 . 
CdS04.4H20 ... 

AssOa . 



Na2HAflO4.12H,0 
SbCls ... ... 

Sna2.2H20 . 
Sna4 
AgNOa . 
Hg2(NO8),.H20 



* a signifies that the solid substai 
t Solid Sb^Os or K(SbO)T (Tartar w 
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OTIONS OF THE MeTALB. 

abstance. Small 4 oz. wide-mouthed bottles should be kept near the solu- 
, small (s) affixed to it ; these bottles should also carry on their label the name, 



4. 

'eight of solid in 
1 to be dissolved in 
e "Winchester." 



100 . 

aUU ••• ••• 

50 . 

Ov • • • ••• 

25 . 

X vv • • • • • • 

200 (in crystals) 



200 

25 
26 

60 

26 
25 
50 
50 
50 
50 
25 
50 
25 

10 



••• ••• 



• • • • • • 



50 


• 


• 


1 : 50 


25 


• •• 


• •• 


1 : 100 


25 


• 


• 


1 : 100 


25 


• 


• 


1 : 100 


26 


• •• 


• •• 


1 : 100 



5. 

Proportion by 

weight of 

soudto 

water. 



1 
1 
1 
1 
1 
1 
1 



1 
1 



1 
1 
1 
1 
1 
1 
1 
1 
1 



25 
12 
50 
50 
100 
25 
12 

12 

100 
100 

60 

100 

100 
60 
60 
60 
60 

100 
60 

100 

260 



6. 
Remarks. 

[These numbers correspond to the small reference 
numbers in brackets in the second column.] 



48. The solution must be made acid with a little 

H2SO4, and some clean iron nails kept in it, or 
better, a small quantity is freshly prepared 
when required (p. 309. 84, coL 6).; 

49. A little HA must be added to this solution to 

make it clear. 

60. 26 grams of Bi(N0a)8 must be dissolved by heat- 

ing with 26 C.C. of strong HCl diluted with 26 
of water ; this solution is cooled and poured 
into the bottle, and the measure made up by 
pouring In dilute HCl containing one-twentieth 
of its volume of strong BCl. 

61. Dissolve 10 grams of AsjOa by heating it with 

60 c.c. of strong HCl mixed with 60 c.c. of 
water, and dilute to the Winchester-quart. 

62. Boil excess of AsjOa for several minutes vdth 

200 C.C. of water, filter and dilute to the quart|. 

63. 28 grains of crystallised SbCl* are dissolved in 

26 C.C. of strong HCl mixed with 26 c.c. of 
water, and diluted to the quart t with HCl 
mixed with four times its measure of water. 

64. Boil 25 grams of SnClj with 60 c.c. of strong 

HCl mixed with 60 c.c. of water, as soon as It 
has dissolved to a clear solution dilute to the 
quart!. Scraps of Sn must be kept in the 
bottle. 

66. Heat 26 grams of SnCls with 26 c.c. of strong 
HCl and 100 c.c. of water ; whilst constantly 
stirring, add KClOs to the hot solution until 
the liquid turns yellow and CI is smelt, boil 
ofF the CI and dilute to the quart}. 

66. Dissolve by warming 25 grams of Hg2(N08)a 
with 6 c.c. of strong HNOs diluted with 114 
c.c. of water, then pour water into this solu- 
tion until it is diluted to a quartt. Keep Hg 
in the bottom of the bottle. 



1 the crystalline condition. 

be used for the blowpipe reaction. 



t Winchester-quart. 
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530. Solutions fob thi 

Note. — Refer to note at the head of the preceding Table (529), which » 
pared amongst the reagents (524, 525,' 526), and the stations for reacticmsfor 



1. 


2. 


3. 


Reference 


Name. 




Number. 


[The small numliers in brackets refer to the corre- 


Formula. 




sponding numbers in the sixth column. 




130. 


Sodium sulphate ...... 


Na3SO4.10H20. . 


1 4>1 M 


I Sodium carbonate (*') 

\ Marble (calcium carbonate) (^0 • 


NaaCO, 


131.S. ... 


GaCO, 


1 OA A 


( Ferrous sulphide (*") 

( Ammonium sulphide 0") .... 


FeS 


132. t. 


AnisS 


183.8. ... 


Acid sodium sulphite 


NaHSOs - 


134. 


Sodium hypoeulphite 


NajSaOj-SHjO . 


185. ... 


Sodium hypochlorite (^) 


KajOaO 


136.S. . 


Potassium nitrite (a) 


KNOs . 


137.S. ... 


Potassium nitrate 


KJiOj - 


138.S. . 


Potassium chlorate ..... 


KCIOj . 


139.S, ... 


Sodium chloride (*^) 


NaOl - 


140.S. . 


Sodium bromide ..... 


KaBr 


141.8. ... 


Potassium iodide * 


KI « 


142. 


Sodium phosphate ..... 


KaaHPO4.12H50 ■ 


143. ... 


Sodium arsenate (<i) 


Na2HA8O4.12Ht0 - 


144.8. . 


Borax («2) 


Na2B407.lOH,0 


145. ... 


Potassium bichromate 


K2Cr207 ... - 


146.8. . 


( Sodium silicate (<») 

( Silica (white sand) 


NajSiO, 


Si02 


147.8. ... 


Fluor-spar (calcium fluoride) . 


0aF2 " 


148. 


Hydrofluosilicic acid (") 


HgSiFe 


149.8. ... 


Potassium cyanide («*) .... 


KCy . . . 


150. 


Potassium ferrocyanide 


K4FeCy6.8H20 


151. ... 


Potassium ferricyanide .... 


KsFejCyij 


152. 


Potassium sulphocyanide 


KCyS - 


153.8. ... 


Ammonium oxalate (^ . . . . 


Am2C2O42.2H20 


154.8. . 


j Tartaric acid («0 

Sodium tartrate («■) 


U2X ... ... ** 


Najf.^HjO 


155.8. ••• 


Sodium acetate («^) 


NaA.3H20 
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Keactions of the Aoid-Badioles. 

also applicable to this. Many of the solutions in this list are already pre- 
metals (529). 



4. 

^eiffbt of solid in grams 
'to DO dissolved in one 
Winchester-quart. 



25 



100 
100 

100 
100 
60 
50 
50 
12 
60 
50 

25 



In fine powder. 



50 
25 
25 
25 
100 



6. 

Proportion by 

weight of 
solid to water. 



1 : 100 



1 : 25 
1 : 25 



1 
1 
1 
1 
1 
1 
1 
1 



1 
1 
1 
1 
1 
1 



25 
25 
50 
50 
50 
200 
50 
50 



1 : 100 



50 

100 

100 

100 

25 

10 



6. 

Remarks. 

[The numbers correspond to the small reference 
numbers in brackets in the second column. 



57. The Na2C03 is (required only in the solid 

form, and can betaken from the reagent 
bottle on the working bench, No. 18 (524). 
The marble is kept in small pieces as 
large as a pea ; it is found in reagent bottle 
No. 79 (526). 

58. The FeS is kept as a solid in small pieces as 
' lai^ze as a pea. 

Ine AmjS can be taken from reagent 
bottle No. 7, on the working bench. 

59. Strong "Liquor Sodea Chlorinatee," diluted 

with an equal measure of water. 

60. No. 102, paragraph 529. 

61. No. 121, paragraph 529. 

62. No. 19, paragraph 524. 

63. The solution is made by dissolving 100 

grams of the thick syrup, sold as " soluble 
glass," in water, and diluting to the Win- 
chester-quart. The solid substance to be 
used is sand finely ground. 

64. No. 35, paragraph 525. 

66. No. 42, paragraph 525. The solution de- 
composes by keeping, a little solid is dis- 
solved when required. 

66. No. 9, paragraph 524. 

67. No. 30, paragraph 625. 

68. 123 grams of H2T are dissolved by heat in 

600 c.c. of water, the hot solution is 
exactly neutralised with solid NagCOa, and 
then ^uted to a Winchester-quart. 

69. A little of the solid substance (see No. 41, 

625) is dissolved, when required, in water. 
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63L Chbhioals BSQimtBD fob Section L 

In the fuUowing list those substances which are used for 
Section I. only are marked by letters of the alphabet The 
bottles containing these substances should be arranged apart 
in alphabetical order. Against others a number is placed ; 
this indicates that the substance is used fot analytical pur- 
poses, and will therefore be found, together with any neces- 
sary descriptive remarks, in one of the foregoing lists (52i, 
525, 526, 529, 530). 

Note. — All nambers below 22 refer to bottles Etanding on the ahelTea 
above the working bench. If it mbstance is required for more than 
one ejcperiment, its entry is not repeated. 



letter or 
niimbor 

encB. 
W. 

K. 

F. 

H. 

k. 

L' 

M. 

p; 

4S. 


Ueroorlc oUde . . . 

FotiHiiun fhlornto . 

Wooa-tharconl . . . 
Limo-wal«r . . . . 
Mulphur , . . . . 

Marble 

oiaiioBoid : : : : 

SoiBiunbytlrato' 

" Tarkey red " . . . 

Sodiiun chloride . . 

Nitric add . . . . 
PotsaBium nlt™t^ . . 


Formula. 


„^,„. 


HgO. 
KCIO^ 

Mno,*: 

Ca(H"0),. 

K,ft,0,. 
Zn. 

^' 

NkHO. 

'-Sir 


oildeiBlMit. -^ '^ 

In plBoes as large oa a hattl-nirt. 
Pieces ot roU aulphnr as latBeaii 

In plewn not larger tlian a tuaA-aO. 
Turnings, elJppinaa. or fillnga. 
Htrone, comraertbil. 
Solid, comaiBrelal. 

Solid, In cryitals. 

Stroiw aolntlon In water. 

Ill pieces as large ea a huel-uol 
lirolum baia a Iiunii ol rock^alL 
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532. Cheiugals required for the Experiments on 
Analytical Operations (Section III.) 

All the substances, with those exceptions* only which are 
named in this list, are required either for analytical purposes 
(see lists in paragraphs 524, 525, 526, 529, 530), where they 
may be found by the number placed in the first column ; or 
they are already entered on the list of substances required for- 
experiments on the gases (531), where they may be found by 
the reference letter in the first column. A letter (s) affixed 
to the number of reference indicates that the substance is. 
required in the solid condition, see note at heading of (529).. 



Number or 






letter of 


Name. 


Formula. 


reference. 






39. 


Potassium nitrate . 


KNOg. 


118. 8. 


Copper sulphate . 
Marble 






CUSO4.6H2O . 


79. 






CaCOg. 


2. 


Hydrochloric acid 






HCl. 


45. 


Copper 
Nitric acid . 






Cu. 


3. 






HNO3. 


17. 


Barium chloride . 






BaCl2.2H^0 . 


8. 


Ammonium carbonate 






AmoCOa . 

In sheet, or cut. 


161.* 


Filter-paper 






1. 


Sulphuric acid 






H2SO4. 


A. 


Mercuric oxide 






HgO. 
NH4CI. 


K. 


Ammonium chloride 






100.8. 


Potassium chloride 






KCl. 


18. 


Sodium carbonate 






NaaCOa . 


112. 8. 


Manganese chloride 






MnCla . 


19. 


Borax 






Na2B407 . 
FeS04.7H20. 


62.8. 


Ferrous sulphate . 






102. 


Sodium chloride . 






NaCl. 


160.* 


Wood-charcoal 






C. 


116. 8. 


Lead acetate 






PbAg.SHsO . 


— 


Red cabbage leaves 








6. 


Ammonium hydrate 






NH4HO. 


6. 


Ammonium chloride 






NH4CI. 


21. 


( Litmus-paper 

( Turmenc-paper . 









*The exceptions are Nos. 160 and 161, which numbers refer to para-»- 
graph 533; also the red cabbage leaves, which are readily obtainable. 
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633. Sundry other Requisites not included in the 
PRECEDiNQ Lists. 



Reference 
number. 



160. 



161. 



162. 



Name and description. 



JFood-charcoal.— This may be pnrchased in snudi pieces 
commonly used for fuel If required for blowpipe 
experiments (33), the charcoal shonld be tolerably free 
from cracks and from bark. It may be sawn into 
convenient shape and size by a fine-toothed saw. 

Filter-paper may be bought in sheets whicli are cut into 
Hcjuares of the required size ; these are folded and cut 
as directed in experiment 40 (p. 44). Beady cut cir- 
cular filters can also be purchased, whicli onlyreauire 
to be folded. ^ ^ 

Corks.— TYiesQ should be obtained as free as possible 
from holes or cracks, they must be soiind and easily 
softened by pressure. All sizes between 1 J inch and 
\ inch in diameter should be kept in stock. For 
wash-bottles and other permanently fitted apparatus 
in which the cork is not subjected to much heating, 
the india-rubber stoppers are much to be preferred to 
corks, since they are almost imperishable and retain 
their elasticity very much longer than corks do. 
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SUBSTANCES TO BE GIVEN FOE ANALYSIS BY 

THE PRECEDING TABLES AND DIRECTIONS. 

634. It muBt be understood that the subetances mentioned 

below are merely broi^ht forward aa examples of what may 

bo given to the student for analjaiB, the teacher will use his 

own judgment in adopting and extending the liat. 

536. ScBBTAircEs fok analysis weiiat tktino thbocqb 

THB RbAOTIONB for MbTAIS and Aoro-RADIOKKS. 

If the student, after working throi^h the reactions for each 
of the metallic groups, intends to analyse substances contain- 
ing one member only, or any two or mors members, of that 
group, it is a good plan to analyse first a few substances 
containing only one member and to gradually increase the 
number present in those subsequently given. It is well to 
keep these substances in the dissolved state* as a rule, as they 
are intended mainly to afford practice in separation and de- 
tection according to the group-tables, and the time spent by 
the student in preparing the solution is therefore wasted. 
Occasionally, however, a solid substance may be given in 
which the metal or acid-iadicle present is to be detected by 
blow-pipe tests or other tests made on the solid substance. 

As examples of the substances to be given, in the order best 
suited to tiie gradual advance in difficulty, the following, 
selected for groups V., IV., and IILb, will serve : — 



Grnup P. 


OroaplV. 


Group m.b. 




■r"?»g.o 


SolnUon of ZnSO^.;U,0 


„ Naa+KCl 

.. N»01+NH,C1+ 

., Naa+NHjCl 




*oiS?'^ 






'»3ir"'"'"' 
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S36. Substances are given to be tested for the members 
of an acid-radicle group in the same order (535)*, the first 
substances containing one member only, those subsequently 
given containing two or more members of the group. 

637. Substances for Analysis by the direotionb con- 
tained IN Section V. 

Any one of the solutions named in paragraphs 529 and 
530 may be given for analysis by Section V., some of them 
being neutral, some acid, and others alkaline in reaction. 
The following more difficult solutions with acid or alkaline 
reaction may also bo added to the list : — 



Add. 



Ca 



cUluteHi 



** Bone-ash" dissolved in 
[a. 
BaC204 dissolved in dilate Ha . 
Mg(BO,),t „ „ HCl. 

BaCr04 „ „ HCl. 



AlkaUns. 



KSbOs dissolved in water. 

NajSiOa, solntion of ** soluble glass." 

Na2Sn03, '' preparing salt" of ttie dyer. 



Any of the solid salts which were dissolved in order to 
prepare the solutions in paragraphs 529 and 530, may be 
given for analysis as solid substances by (331 et seq.). 

As examples of substances possessing metallic appearance 
(366), the following may be mentioned as suitable for 
analysis : — 



Zn, in pieces or filings. 

Pb 

FeSa, Iron Pyrites. 



)) 



NiAs, Kupfemickel. 
Graphite, or Black lead. 
Iron filings. 



As insoluble substances which require to be examined bj 
(367 et seq.) the foUowing may be given for analysis : — 



BaS04. 
PbS04 . 
AgCl. 
SnOf, Tinstone. 



CaF„ Fluor spar. 
FeCr,04, Chrome Iron Ore. 
S, as pieces of roU sulphur. 
C, as powdered wood-charcoal or plum- 
bago. 



* See foot-note on page 321. 

t Made by mixing hot solutions of Na26407 and Mg(N03)j • 
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638. Solid Substanobs to be analysed bt the Pbe- 
LiMiNABY Examinations. 

For the Preliminary Examination for Metals (387) : — 



Simple. 



NH4CI 
HgCla 

CtjOs 



raCI 
BaCl2.2H2P 
Si(N08)2.4&0 
CUSO4.6H2O 
(See note.) 



ZnS04.7H20 

MnCU 

Co(NO,)2.SH20 

NiS04.7H20 

Sn02 



Complex. 



Ama+Naa 

HgCl2+BaCl2.2H20 

MnCL+KCl 

NiS0i.7HoP+ 

Z11SO4.7H2O 




Note, — Best finely powdered, since its colour is then almost 
destroyed. 

For the Preliminary Examination for Acid-radicles (410) : — 



Simple. 


Complex. 


CaCO. 

Na2S0a.7H20 
CaCLO 
NaCl 


FeS 
KNOs 
KClO, 
KI 


N^08.6H20 
NaA 


CaCOa+KNOs 

CaCLO+CaFo 

Na2C08+KI 



A few of the above mentioned solids may then be exa- 
mined by both Preliminary Examinations for both Metals 
and Acid-radicles. 

639. Substances to be analysed by the General 
Course (380 et seq.). 

The following lists are so arranged that the analysis of the 
substances contained in them is more difficult in each column 
proceeding from left to right, and usually also in proceeding 
ill one and the same column from top to bottom. For 
examples of Alkaline solutions, see (537) : — 
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Substances fob analysis bt the General Ck)nBSB. 



1. 

Simple Bolable 
■npgUnces. 


2. 
Complex Boluble mbsUnoes. 


8. 

Complex soluble 
sabstanoes. 


BaCl,.2H,0 


CaCls.6H30+BaCl2.2HsO+Si<NO,V4HsO 


fFesCl« 


MnCl, 
HgCI, 


AlK(SO«),.12HsO+CrK(SO0k.l2HsO 
MnCl,+ZiiS04.7H20+CiiS04.eH^ 


MnCl. 
1 Zn804.7HsO 


MgSO«.7HtO. 


Fb(N0,)s+HgCl2+N8Cl 


lCo^O,>,.fiH,0 


Ni804.7HjO 


*AB,0,+CaCO,+BaCQs 
«ZiiO+MgCO,+KaO, 


•CaCOa 

•As,0, 
FesCl« 


*MgCO,+B»CO,+PbCO, 
Ac, Ac. 


^^0|^.4H«0 
.Bi(N6,)s.6Ht0. 


NH^a 






NaCl 






• <ftc., Ac. 







4. 

Substances yielding a 

Fhoflphate precipitate 

in Group nf. 



Caq«.6H20 
Na,HP04.12H20 
.2H2O 




Mg( 
.Nai^04.12H20 




CrK/SOiV.imgO 
,Na2HP04.12H20 
«&c., &c. 



6. 

Substances partly or 
entirely insoluble. 



BaS04 

SiOz+S 

BaSb4+CaF2+Sn02 

fBaCl2.2H20 

i AlK(S04)z.l2H20 

(AgNO, 



( 



SiOj 
S 

c 



PbS04+BaS04 
PbCr04, ignited. 



MeUUUe whslaneeg (467 et m-) 
Iron pyrites^^BSs) 
Iron nllngB (Fe) 
Zinc clippings (Zn) 
Brass flUnss (Oa+ZiO 
O^man sUver (Ca+&+I^) 
Bronze (Cu+Sn) 
Type-metal (Sb+Sn+Fb) 



Fire-day (AL0,.2Si0s) 
Brown-day (do. +m 
Window-s^ Qifa, Ga, SICM 
FUnt-c^asB (Fb, K, SiO,) 



Cyofwgen Compounds (482)— 
Any of the for^;oing wnich 
has been misMl with KQr, 
KQ^, K4FeCy,.8H80, 
K<Je2Cyi„ K;A)2Qyi» 



« To be given in the solid state. 



APPENDIX I. 



REACTIONS FOR THE RARER ELEMENTS. 

Tms Appendix contains some of the most important reactions 
for many of the rarer elements. The arrangement here used 
is that adopted in Section IV., those elements being placed 
together which are precipitated in the same analytical group : 
the groups, however, are arranged in the order in which they 
occur in the Greneral Table. A scheme for the detection of 
these elements follows (553), showing in which group they 
are precipitated in the General Table, and by which reactions 
they will be most readily found. 



GROUP I.— SILVER GROUP. 

In this group are included Tl and Wo : the former is partially 

precipitated as chloride by HCl, the latter completely as 

tungstic acid. 
Thallium is only partially precipitated in Group I. since its 

chloride is not quite insoluble in water : it belongs also 

to Group III.B, being entirely precipitated by Am^S. 



540. Thallium (Tl).— Use T1,S04 solution. 

Tl occurs in small quantity in many natural sulphides, 
often also in the ashes of plants and in mineral waters, 
Tl jrields both thallic and thaWious salts, but the former 
are very unstable, changing even when their solutions 
are heated into thaHwus salts. 
ECl : a white precipitate, which rapidly settles, does not blacken 
in the light, and is soluble in aqua regia. It is soluble in a 
large quantity of water, and therefore does not form in dilute 
solutions. 
KI: a yellow precipitate ; almost insoluble in water, more soluble 
in EI solution. In a solution containing Fe, any ferric salt 
must first be reduced by H^SOg beford adding EI. 
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PtCl^ : orange-red precipitate, slightly soluble in water. 

Am^S: black precipitate, wbich is easily coagulated by beat; is 
insoluble in AmHO, alkaline sulphides, and in KCy : it is 
readily oxidised by the air to T1^S04, and is easily soluble in 
mineral acids. Tl is entirely precipitated by H^S from a 
solution in which HA is the only free acid present, but free 
mineral acids prevent the precipitation entirely. 

Flame colarcUion, — Thallium compounds impart to the Bunsen 
flame an intense green colour, which, however, rapidly dis- 
appears. The spectrum (p. 841) is very characteristic, con- 
sisting of one bright emerald-green line. Thallium may 
be easily detected by the spectroscope in solution, or bett^ 
in any of its precipitates mentioned above. 



Ml. TuNOSTATES.— Use Na,Wo04 solution. 

Wo usually occurs in the form of a tungstate. The insoluble 
tungstates 3rield soluble alkaline tungstates on being fused 
with alkaline carbonates. From a solution of alkaline 
tungstate HCl precipitates the tungstic acid entirely. 
HCly HNO^t or H^SO^ : white precipitate (H,Wo04), becoming 
yellow on boiling : insoluble in excess of acid, but soluble in 
AmHO. A piece of Zn dropped into the acid liquid contain- 
ing the precipitate yields a deep blue colour. 
SnCl^ in neutral solution, made by dissolving SnCl, crystals in 
water and filtering : yelloiv precipitate, becoming blue on 
addition of HCl and heating. 
Am^S 3rield8 no precipitate in a solution of alkaline tungstate ; 
but if, after adding Am^S, the liquid is made acid with HOI, 
brown WS, is precipitated. 
Microcosmic bead : — 

In outer ^me—Coloiirless or yellow. 
In inner flame— ^Zt^ ; if a little FeS04 is fused into the 
bead the colour changes to blood-red. These colours 
are best seen when the bead is perfectly cold. 



GROUP II.A.— COPPER GROUP. 

In this group are included Pd (Os, Rh, Ru) : they are precipitated 
as sulphides by H^S from acid solutions, and the sulphides 
are insoluble in AmjS, and in caustic alkali solution. 
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643. Palladium (Pd).— Use PdCl, solution. 

Pd occurs as a metal in native platinum, also in gold and 
silver. Palladium solutions are reddish-brown, or yellow 
if dilute : addition of water precipitates a basic salt, unless 
sufficient &ee acid is present to prevent it. 
H^S: black precipitate, in neutral, alkaline, and acid solutions: 
insoluble in Am^S, but soluble in boiling HCl or in aqua regia. 
AmHO : flesh-coloured precipitate (PdOlj. SNHg) ; soluble in excess 
of AmHO to a colourless liquid, irom which HCl precipitates 
yellow crystalline paladammonium-chloride (NsHePd^'Cl,). 
HgCy^: yellowish-white gelatinous precipitate (PdCyj), slightly 
soluble in HCl, easily soluble in AmHO. Very characteristic 
reaction. 
KI: black precipitate (Pdlj). Very characteristic. 



GROUP II.B.— ARSENIC GROUP. 

In this group are included Mo, Se, Te (Ir), 

543. MoLYBDATES (Mo). Usc Am,Mo04 solution. 

Mo occurs as molybdate ; also as sulphide, which may be 
readily converted into MoO, by ignition in the air or 
by heating with HNOg. Unignited MoOg dissolves in 
acids; ignited M0O3 is insoluble in acids, but easily 
soluble in alkalis. 

HCl, HNO^, or H^O^^, added in small quantity to an aqueous 
solution of a molybdate, yields a precipitate which is readily 
soluble in excess of the acid. 

H^S, added in very small quantity to the acidified solution, gives 
a bltie liquid, in larger quantities a broion precipitate (MoSg) ; 
the precipitation becomes complete only when the solution is 
heated and H^S passed for some time : the precipitate is 
soluble in solutions of alkaline sulphides and hydrates, from 
which it is reprecipitated by acid added in excess. 

Zn or SnCl^f added to a solution of a molybdate in HCl, colours it 
broum, green, or blice, according to its state of concentration. 

KCyS, added to a solution acidified with HCl, gives no coloration ; 
but on dropping in a piece of Zn a beautiful crimson colour is 
produced, which, when the liquid is shaken with ether, is taken 
up by the ether. 

Na^PO^, added in very small quantity to a solution of a 
molybdate, acidified with HNO,, gives, on gentiy warming 
the liquid, a yellow precipitate readily soluble in excess of 
alkali-hydrate solution. 

Borax-bead : outer flame, yellow ; inner, dark-broum. 

MicrocosmiC'bead : outer and inner flames, green. 
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644. Sklbnium (Se). — Use a metallic selenide, an alkaline selenite 
and selenate. 

Se occors as metallic selenides, €.g, of Fe, Co, Ag. A 
selenide heated in an open tabe eyolvea a smell of decay- 
ing horse-radish, and produces a grey or red sablimate 
of Se : the smell is very characteristic 
a. SelenUes: — 

S^S gives in acid solutions, if cold a yellow^ if hot a reddisk- 

yellow, precipitate : soluble in Am,S. 
Bad^ in neutral solutions a white precipitate : soluble in 

HCl or HNOg . 
SnCl^ or H^O^ gives in the presence of free Hd a red, or in 

warm solutions a grey precipitate of Se. 
C^ in a hot HCl solution becomes covered with, a black 

film : the liquid on standing with the Cu for some time 

becomes coloured red with Se. 
5. SelenaUs : — 

HCl produces no change in the cold : but on boiling, CI is 

given off and the selenate is reduced to selenite, to 

which the above tests under (a) may be applied. 
BaCl^: a white precipitate (BaSe04); insoluble in cold HCl, 

dissolved by boiling with HCl with evolution of CI 

and reduction to BaSeOs . 
c. Selenium in any form of combination is detected by the 
following reactions : — 
Heated on charcoal in the inner blowpipe flame a smell of 

rotten horse-radish is perceived. 
Fused on charcoal with Na^COs in the inner blowpipe 

flame, a fused mass is obtained, which when mois- 
tened on Ag yields a black stain, and on addition of HCl 

evolves H^Se, a badly smelling gas. 



540. Tellubittm (Te). — Use a metallic telluride, an alkaline tellurite 
and tellurate. 
Te occurs united with metals, e,g, Au, Ag, Bi, Cu, Pb. 

A telluride heated in an open glass tube gives white fumes and a 
sublimate which differs from that given by Sb, by being 
fusible before the blowpipe. 
a. Tellurites : — 

H^O : on dilution with water tellurous acid is precipi- 
tated from the acid solution. 
H^S: in acid solutions a brown precipitate (TeS|) ; easily 

soluble in Am^S. 
S^Oi, SnCl^ or Zii precipitates black Te. 
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b, Tellurates, — HCl produces no change in the cold; but on 

boiling, Gl is evolved and the tellnrate is reduced 
tellurite; the solution then gives the above reactions 
under (a). 

c. TelluritMn m ami/ form of coTribinaiion, if fused with NajCOj 

on charcoal in the inner blowpipe flame, gives sodium 
telluride ; a solution of which gives a black stain on Ag, 
and on being acidified deposits black Te and evolves 
HoTe. 



GROUP III.— IRON AND ZINC GROUPS. 

In this Group are included U, In, Ti, Be, Tl [V], (Zr, Ce, Ta, Nb, 
La, Di, Y, E, Th). 

Tl is often partially precipitated as chloride in Group I., and its 
reactions are given under that group. Y is not precipitated 
by Am^S unless acid is added in excess after Am,S. 

546. URANiirM (U).— Use (UOjHNOs), . 

U occurs in nature principally as pUMUnde (oxide), also as 
ttranite (a hydrated uranium-calcium phosphate) and ehalco* 
lite (hydrated uranium-copper phosphate). 

AmffO, KSO, or NaBO : yellow precipitate insoluble in excess. 

^m^iSf gives in neutral solutions a diTtgy-yellow or hrovm precipitate 
of uranium oxysulphide, which is soluble in Am^COs (diff. 
from ZnS, MnS, FeS, &c.). The precipitate settles slowly 
unless AmG is added; it is soluble in acids, even in HA: 
on being heated with Am^S in excess it is changed into 
uranous oxide and sulphur. 

H^S produces no precipitate in acid solutions. 

Am^CO^f KHCO^, or NaHCO^ : yellow precipitate easily soluble in 
excess; from this solution the uranium is repreoipitated by 
addition of NaHO or KHO, or by boiling (diff. from Fe). 

KJPeCy^ gives in acid solutions a reddish-brown precipitate, which 
is distinguished from the similar one produced in a copper solu- 
tion by dissolving in excess of AmHO to a yellow fluid. 

BaCO^ : complete precipitation even in the cold. 

Zn changes the yellow colour of acid solutions to ^een. 

Borax arid Microcosfimc heads : — 

Outer flame^ yellow; inner flame, green. 
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547. Indium (In). 

AUcali-hydraUs precipitate a hydrate resembling Al^Ho^, in- 
soluble in excess. Indium solutions are also precipitated by 
alkaline carbonates, by Na^P04, by boiling their neutnd 
solutions with NaA, by BaGO„ and by alkaline oxalates. 

21 fS gives no precipitate in strong acid solutions, in dilate and 
feebly acid solutions a little sulphide separates, in a solution 
containing no free acid but HA the metal is entirely precipi- 
tated as yellow sulphide: the precipitate is insoluble in cold, 
soluble in boiling, Am^S; from the boiling solution tohiie 
sulphide separateson cooling. 

Am^y added after H,T and excess of AmHO, gives a white pre- 
cipitate, becoming yellow on treatment with HAl 

Flame eolorcUion; bluish violet The spectrum shows two very 
characteristic blue lines, which are brilliant, but very rapidly 
disappear when the chloride is employed : see p. 841. 



548. Beryllium (Be). — Occurs as silicate in phenakite, and as 
silicate with Al-silicate in beryl and emerald. 

Am^Sf AmHOt KHO,ot NaHO: flocculent hydrate is precipitated 
resembling Al^Ho^ in its appearance, and in being soluble in 
EHO. Differs from Al,Hog in being precipitated from its 
solution in KHO by dilution and long boiling, and by being 
soluble when freshly precipitated if it is long boiled with 
AmCl solution. 

Alkaline carbonates precipitate a carbonate soluble in excess, 
especially in Am^COs; from these solutions the carbonate is 
reprecipitated, on diluting and boiling for some time, with 
especial ease from the AmiCOs solution (diff. from Al). 

BaCO^ precipitates Be-solutions completely: E^Cfi^ and alkaline 
oxalates produce no precipitate. Moistened with Co(N03), 
solution and heated on charcoal in the outer blowpipe flame, 
a grey mass is obtained (diff. from Al . 



549. Titanium (Ti).— Occurs as TiO„ with traces of Fe, Mn, Cr, 
in rutile, anastase, and brookite: also as TTiO^ in combina- 
tion with Fe in titaniferous iron ore. 
Ignited TiO^ is insoluble in water and most acids: it is easUy 
soluble in HF, less readily in boiling strong HSSO4: it is 
also rendered soluble in cold water by fusion with KHSO4 • 
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TiO, differs from SiO, in not being yolatdlised when hieated 
in a platinum dish with HF and strong H^04 . 

By dilution amd long boiling, white flocculent hydiated TiOj is 
precipitated from solutions in H^04 or HCl, and from the 
aqueous solution of the fusion with EHSO4 : the precipitate is 
metatitanic acid : it cannot be filtered off unless an acid or 
AmOl is added. 

AmHO, KHO, NoHO, Am^, or BaCO^, white flocculent precipi- 
tate insoluble in excess : if precipitated and washed in the 
cold it dissolves in HCl and in dilute H3SO4 . 

Zn or Sn gives in acid solutions a bltte, or if dilute a roae^coUmred, 
liquid. 

Na^^O^, on boiling, precipitatesTi-solutionentirelyCdiff. fromFe). 

Microcosmie bead : — 
In the outer flame : yellow, whilst hot ; colourleaSf cold 
In the inner flame : yellow, hot ; vioUi, cold. The production 
of these colours is much aided by adding a fragment of 
Sn. Addition of a small quantity of FeS04 gives in the 
inner flame a bloodied bead. 



550. Vanadium (V). 

Occurs in vanadinite [8Pb8(P04),.PbCl,], and in certain Fe- 
and Cu-ores. 

Vanadium is known in several stages of oxidation ; it will 
usually occur in analysis as vanadic acid or a vanadate, 
which in acid solution is of a yellow or reddish colour. 
ff^fS, H^O^ or H^C^O^ reduces acid solutions of a vanadate, and 

causes the colour of the solution to change to blue: with H^ 

a deposit of sulphur also forms. 
Arn^S, if added in excess, gives a brown liquid, in which an excess 

of acid causes a ^otem precipitate of V^Ss ; excess of Am^S 

dissolves this to a reddish-brown liquid. 
Zn gives in a very dilute solution acidified with H2SO4 and gently 

warmed, a blue colour, which changes into green and then 

lavendeT'blue, 
Solid AmCl, added until the solution is saturated, precipitates 

Am8V04, which is insoluble in saturated AmCl solution. 

Very characteristic reaction. 
H^O^ when shaken up with an acid solution imparts a red colour, 

which is not removed by shaking with ether. This is a very 

delicate test 
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Borax head : — 
In OHter flame ; colourless, or yeUow if much Y is present. 
In inner flame ; green hot and cold ; if much Y is present Inrovm 
hot, and green cold. 



GKOUP Y.— POTASSIUM GROUP. 
In this group are included Li, Cs, Rb. 
Mt Lithium (Li). 

Li occurs frequently in mineral waters and in the ashes of 
plants, also in small quantities in the minerals lepidolite, 
triphane, and petallite. It is allied to the Barium Group 
by the difficult solubility of its carbonate and phosphate ; 
and it differs from_K and NH4 by not being precipitated 
by PtCU or by H,T : from Na it is readily distinguished 
by the flame coloration and spectroscope. liCl is 
separated from ECl and NaCl by its insolubility in a 
mixture of absolute alcohol and etiier. 
NafiPO^ added to the not too dilute solution, made decidedly 
alkaline with NaHO, gives, on boiling, a white cryBtalline 
precipitate (Li3P04) which quickly settles. Traces of Li may 
be precipitated by adding NaJB[P04, then NaHO until the 
liquid remains alkaline, evaporating to dr3mess and washing 
the residue with dilute AmHO. This precipitate differs from 
the phosphates of Ba, Sr, Ca, and Mg by fusing in the blow- 
pipe flame and being absorbed by the charcoal support, also 
by its diluted solution in HCl giving no precipitate on 
addition of AmHO in excess in the cold, but a white crystal- 
line precipitate on boiling. 
Flamie coloration : this is carmme''red ; the spectrum (see p. 341) 
consists of two lines, an intense carmine-red line (a) and a 
feeble orange-yellow line (/3). This coloration is concealed 
by that of Na, which, however, does not interfere with the 
spectrum : the Na coloration is also removed if the flame is 
viewed through the indigo-prism, whereas that of Li can pass 
through the thinner parts of the prism ; it differs from the K 
coloration, however, in being unable to penetrate to thick 
layers of indigo-solution or m being much weakened by its 
passage. As silicate, Li only gives the flame coloration 
after fusion with CaS04 ; the phosphate requires to be first 
moistened with HCL 



658. RvBiDnrM (Rb), and Gjssittm (Cs). 
l^ese metals occur in small quantities in some mineral waters 
and in a few minerals. Their compounds resemble those of 
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K In being precipitated by PtCl4 and by Hjf, and in giving 
a similar flame coloration. Characteristic differences are, tlie 
macb greater insolability in water of the platino-cblorides, 
which enables the E^PtCle to be dissolved away from Bb,PtCle 
and GssPtClg by boiling the precipitate with successive small 
quantities of water : the alums also show a similar difference 
in solubility in cold water. 
Cs and Rb are readily distinguished from one another and from 
other elements by their spectra (see p. 841). For Cs the blue 
lines (a, fi) are especially distinct and characteristic : in the 
Rb spectrum the indigo-blue lines (a, fi) are very distinct, but 
the red lines (7, B) are most characteristic. For the spec^- 
«copic test the chlorides are most suitable. 
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553. General G'Ronp Tabl 



Onmp /.—Reagent HCl. 


Oroup //.—Reagent HtS. 


Tks group pp. may contain in addition 

Tld will ngnally be readllr detected 
by a specteoflcopio ezaminatioii of 
the groap pp. It may be removed 
from the groap pp. by boiling 
with a little water, and pp^. from 
the cold filtrate by KI (Pb is also 
thus pp**-): the pp. is yellow, and 
gives the thalllmn spectmm. 

H^WOi: a white pp. becoming yellow 
on boiling. Its presence Is con- 
firmed by dropping a piece of Zn 
into a portion of the acid liquid and 
pp., when a deep blue colour will be 
obtained. 

Also by fusion of the pp. in a 
microcosmic bead, which will be 
colourless or yeUino in the outer 
flame, hhie (or with FeS04, Hood- 
red) in tiie inner flame. 


The group pp. may contain as stdi^iideg 
addition to Hg, Pb, Bi, Cu, Cd ;— 

n^Satf^lithAstS^ \ ^^ 
iOs) Bh, Ru^ t w 1 An, 

And in addition to SnS, SnS2f SbzSz, At 
AUfSz, PtSi :— 

[7r-8ulphide*] 

Mo- „ n>roum) Soluble in 
Se- „ (red^eUow) AmfS. 
Te- „ (Woe*) ; 

is changed to blue by HjS. 


Tl is readily found by the spectroscope 
group pp. 

Pd will remain in solution in excess of 
with Cd and Cuin Table II.A : from thisa 
it is pp<L by adding HCl : its preaenoe i 
further confirmed by the HgCy. or E 
(542). 


The examination of the sulphides in Gnu 
when the above elements may be preseni 
conunenced by fusion with NasCOs and 1 
From the fused mass, water dissolves i 
arsenate, -molybdate, -selenate, and -te 
leaving SnOj, sodium-antimonate, Au, 
Ir undiasolved; the elements may then 
tected by special tests. For the separati 
detection of the platinum metals a large 
must be consulted. 


* Only completely pp*- if the liquid ha 
warmed, and HtS passed for a long time. 



PEECIPITATION OF RAKER ELEMENTS. 



TATioir OF Barer Elements. 



iMideg, in addi 
In, Jfn, JVi, Co.- 
■ (filoc* ftroKn.) 



clplutea mai ugutabi tw- 
HUea Ug, K, aud Nb :— 



I, Cr land pho^atea, 

iiii.jtofleulffi/.) 
tourU^, gelatinoiw). 

yi, Ce, La, ik, T, 1 



1(1 /a wm uBuaUy bi 
ily dcteotcd by a epec 
loplE exBiolaBUoii ot the 

f 1je first leparato 

cted b; diBSolrlng tome 
He sronp pp. lu boiling 
Ce HCI, and roduaing 
Fe present in the bo!~ 

ta&ia^^TBdditlon .. 
Hud tCBting the pp. by 
BpBCtroacope. 

re Kimplete Mhst 
BDBlyafa ot this 



NhjCOj end KNO,; 
boQIiw the maia 
water, NiO rcniahis xindb- 
Bolvad: it 1b filtered oir, 

armed bf tiuion in K 
honuibeait. 

conbOn alktiUne lansdate 
aud tungitate. VisHniB- 
rated by BBtnrBtiug the 
liquid with AmQ, Bnd 111 
presence donnmed In the 
pp. by the borax bead^ 
and by diaaolving the i 
in HCI and pmplojiniri-— 
reBGtlaru with ^,0^ and 
with Zn (5fiO), 
The mtnite, after ce 
Iratloa if neceBBiry. Is 
addlded with BCl, ani' 
the prsaenco o[ W con 
finned by the Zu reaotiui 



Bcterlatic apeetra {p. 341). 
ilCl niay alBO be deteetod by 
Its bflhavloar with Na,HPO,. 
Bef era preoeedfnBto the Bp 



dropB ot Ha have bi 
added, Llcl, Rbcl, c>cl • 
Bolve, whilst the greater p 
of tlie Ka and NaOl 
mainB imdlBflolvcd. 
The solution is etHiwrated to 

HOI. Bul Rb and Cs are I 
by PtCl, : tWe pp. ia boi 
with amatl anantities 
water until It no longer 
givaa the K apectmm, the 
spectiu of Rb and Ob will 
then be seen, if pii 

after addhig HCI,- 
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554. — ^Tablb for Analtsis op Group HL PREOiPirATX, 
The precipitate may contain Fe, U, In, Tl, Al, Cr, Zn, 

After a preliminary spectroacopic examiiiation has been made of a small portion of the 
the General Table C568X the group pp. is dried and fused in platinum with KHSO4 for 
long time with cola water :~ 



Ruidue: may con- 
tain TasO«, NbtOs, 
also SiOt, and traces 
of Fe and Cr which 
have escaped solu- 
tion. By fusion with 
KCIO, and NaHO, 
Cr and Si are ren- 
dered soluble in 
dilute NaHO; from 
the residue, in- 
soluble in NaHO, 
Ta^Os and NhjOs 
may be removed by 
washing with dilute 
NajGOt solution. 



ScluHon : Reduce Fe by adding HtSOs in excess, dflnte consldflr 
coyering the vessel, and by passing a stream of COj through it^ 



Pp. may consist 
of TiO^f pos- 
sibly also traces 
otZr. 

Confirm the pre- 
sence of TiOs 
by the micro- 
cosmic bead 
(649). 



Filtrate : add a few drops of strong HNO^ 
and precipitate once moite by adding ezoMi 



Pp. may contain Fe, In, U, Cr, Al, Be, A& 



Pp. may contain Fe. In, U, Ac. Bissobe 
Isrge excess of HCl, add jBaOO*, and M 



Pp. may contain Fe. In. 
u, also traces of Al 
andCr. 

It is dissolved in HCL 
and NaHCOs is added 
in excess, whereby U 
alone is obtained in 
solution. 

In is found by the spec- 
troscope. 

Cr by fusion with 
NajCOs and KClOs . 



FatnUemaj ooBttSB 
Th. Ba is 
H,SO^ the 
exactly neui 
ofKsSO^amaddei 
allowed to stand for 
pp. is washed wtt 



1 




Pp. may contain &r, 
Th,Ce. 

Th and Ce are dis- 
solved away \a 
boiling wfthdihiie 
HCl, and are repp'> 
by AmHO. 



1 



^ 



554] 



FOR THE RARER ELEMENTS. 



337 



WHEN THE Barer Elements mat be present (Fresenius). 
Mn, Ni, Co, Ti, Be, [Zr, Ta, Nb, Ce, La, Di, Y, E, Th]. 



pp. for Tl and In, and Tl haa been further tested for, if necessary, by KI as directed in 
some time, the cold mass is then powdered and allowed to stand, with shaking, for a 



ably and boil for a long time, preserving the liquid from oxidation by the air by 
unless it smells constantly of SO2 :~ 



concentrate by evaporation, and add AmHO in excess : filter, dissolve the pp.iin HGl, 
of AmHO ;— 



Dissolve it in HCl, and add excess of cold strong EHO solution :— 



In HCl, boil off any 
stand:— 



Zr, Ce, La, W, V, E, 
adding excess of 
is concentrated and 
withKHO. Crystals 
and the liquid is 
some hours. The 
K«S04 solution. 



8oi» may contain 
Y, E, auo Be. 

The solution is 
ppd. by AmHO, 
and Be dissolved 

^away from it by 
HjCjOi . 



Filtrate may contain Al, Or, Be : dilute and 
boil for some time, filter. Al remains in solu- 
tion, and mav be pp^ by adding HCl just in 
excess, then AmHO in excess. 

Cr and Be are separated by fusion with Na2COs 
and ECIO3, dissolving in water and ppf. ; Be 
by adding HNO3 in excess, then AmHO in 
excess. 



Filtrate may 
contain:— 

Zn, Mn,Ni,Co. 
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USE OF THE SPECTKOSCOPE FOR ANALYSIS. 

655. When the light from a bright gas or candle-flame is allowed to 
pass through a narrow slit, and is then looked at through an appro- 
priately cnt glass prism, a series of colours is seen following one 
another without break or interruption ; such a band of colours has 
received the name of a ''continuous spectrum." The direct- vision 
spectroscope* is a little instrument furnished at one end with the 
requisite slit, whose width may be varied by means of a projecting 
screw-collar : at the other end will be found a draw-tube containing 
lenses for focussing, and the body of the instrument incloses the ^ass 
prisms. On looking at a bri^t gas or candle-flame through this 
spectroscope a ''continuous spectrum" will be seen, whose margins 
may be sharply focussed by means of the draw-tube. A similar spec- 
trum is seen when any brightly glowing non-vokUUe substance is 
viewed through the spectroscope. 

Many substances, however, when strongly heated, volatilise ; and 
their glomng vapours emit light whose colour is in many cases peculiar 
and characteristic : mention has been already made of this fact in 
par. 32, and its importance as a means of detecting certain elements 
was there stated. 

When such a vapour is viewed through the spectroscope, a " discon- 
tinuous or "line spectrum" is seen, which consists of one or more 
coloured "lines" or "bands," whose position and colour are charac- 
teristic of that particular vapour. Thus Na vapour yields one bright 
yellow line, Li one intense carmine line, whilst E gives two lines, 
one red and the other violet. These lines are readily seen by holding 
in the Bunsen flame a loop of platinum wire, which has been pre- 
viously dipped into strong NaCl, liCl, or KCl solution, and viewing 
the coloured flame through the spectroscope. But not only does this 
method of analysis serve to detect the elements when occurring separ- 
ately, it also detects each of them when two or more are present 
together, since the spectrum of each is then seen without any inter- 
ference from the others : thus although the/ame coloration of E or of 
Li is entirely masked by that of Na when the chlorides of both metals 
are held in the flame together, the two spectra are distinctly seen side 
by side when the flame is looked at through the spectroscope ; and 
both Li and E are thus readily recognised when present with Na. 




* This is the cheapest and most handy form of spectroscope, and may 
be purchased of the makers, Messrs Browning, of the Strand, London. 
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The delicacy of this method of detection is (eitreme ; thus the 
3 000 000 006 ^^ ^ ^ ^^^ ^^ ^^ ^^'^ ^® distingaished by the appealranch 
of its yellow spectral line. 

The accompanying chart (p. 341) gives the relative position of the 
most important lines in eleven different spectra. It is meant to serve 
merely as a guide to the beginner : when the student has accustomed 
himself to the appearance of the spectra, reference to the chart will 
become unnecessary. 

It is important to remember that the coloration of the Bunsen 
flame can only be produced by substances which are volatile at the 
temperature of the flame : and that the coloration due to any element 
is more intense the more volatile is the compound employed. Thus 
KGl and KNOs are readily volatilised in the flame, and colour it 
strongly ; EsS04 is somewhat less volatile, and the coloration it 3rields 
is correspondingly feeble ; KjCOs is still less volatile, and imparts 
little colour to the flame ; whilst EjSiOs is non- volatile, and 3rield8 no 
flame coloration whatever. Hence in testing for an element by the 
spectroscope, care must be taken to ensure its conversion, if present, 
into a form of combination which is volatile in the Bunsen flame. As 
a rule, chlorides and nitrates of the metals are the most volatile salts, 
sulphates are less volatile, carbonates still less so, and silicates are 
usually non-volatile. It is in many cases sufficient to moisten the 
substance upon the platinum wire loop with strong H2SO4 or HCl 
before introducing it into the flame ; the sulphates of Ba, Sr, and Ca 
should be first reduced to sulphides by heating them in the inner 
blowpipe flame, the sulphides are then readily converted into chlorides 
by moistening them with HCl. EaSiOg in a natural^silicate yields no 
E flame coloration ; by fusion of the powdered mineral with gypsum 
powder, however, the EgSiOg is converted into E2SO4, and the sul- 
phate jrields the E-coloration readily : — 

EaSiOs + CaS04 - EaS04 + CaSiOs. 

Owing to the invariable presence of small quantities of Na in atmo- 
spheric dust, and to the extreme delicacy of the spectroscopic reac- 
tion for Na, the Bunsen flame always shows the Na line when'looked 
at through the spectroscope, and the brightness of the line may be in- 
creased by striking the table, or in any other way raising dust, in the 
neighbourhood of the flame. This is in several respects advantageous ; 
since, by rendering the Na line distinct by regulating the width of the 
slit and the position of the focussing lens, the spectroscope may be 
placed in adjustment before introducing into the flame the substance 
whose spectrum is to be observed. The Na line further serves as a 
fixed point from which the position of the lines of other elements may 
be judged ; and in order to assist the student in so using it, the posi- 
tion of the Na line is indicated in all the other spectra on the accom- 
panying chart by means of a dotted line. 
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556. When working with the spectroscope, the Bonsen flame shoold 
be so placed as to have a dark background, in order that light/rom the 
flame only may enter the slit : if not working in a darkened room, a 
piece of black velvet or cloth may be hung behind the flame ; this is, 
however, not indispensable, it will usually be sufficient to avoid the 
entrance of direct or brightly-reflected light into the instrument. It is 
best to view first either the sky, or a bright flame — such as that obtained 
by closing the air-holes at the foot of the Bunsen burner, and to turn the 
spectroscope into such a position that the continuous spectrum becomes 
horizontal with its red end to the left hand ; the instrument is next di- 
rected on a portion of the non-luminous Bunsen flame about two-thirds 
of the height from the flame's base, and held either by a clamp, or very 
steadily by the hand, in this position. The Na line is then focussed as 
directed above : and, whilst carefully watching the flame through the 
spectroscope, the substance is introduced into the outer part of the 
front of the flame at about one-third the flame's height from its base : 
the observation of the flame is continued for a short time after mois- 
tening the substance with acid as directed above. The careful obser- 
vation of the flame during the introduction of the substance into the 
flame is necessary, since some elements («.^., Tl), when present in small 
quantity, give a spectrum which appears only as a momentary flash : 
other substances appear only as the substance attains the full tempera- 
ture of the flame, and their spectra are therefore seen only after the 
substance has been heated in the flame for some time. 

The regulation of the width of the slit must depend upon circum- 
stances. A wide slit admits more light and increases the brightness of 
t^e lines ; a narrow slit causes the lines to be more widely separated, 
and thus prevents neighbouring lines from blending, and generally 
enables their position to be more accurately noted. It is well to use a 
narrow slit, unless working with a faint flame coloration, or unless 
lines of feeble intensity have to be looked for. 

The spectroscope is more especially useful in qualitative analysis : — 

1st. In detecting readily K and Li, and other substances whose 
flame colorations are masked by that of Na, when occurring with Na. 

2nd, It also Tapidly distinguishes Sr from Ca ; since as shewn in 
the chart the Sr spectrum contains a characteristic blue line $, as 
well as certain red lines situated to the left hand of all those in the Ca 
spectrum ; the green line /S of Ca is also very distinctive of that element. 
Ba is specially characterised by the four green lines, a, iS, 7, $. 

9rd. The spectroscope is of great value for detecting the rarer metals 
Li, In, Tl, Cs, Rb, which usually occur in comparatively small quan- 
tity in nature : the last four of theses metals were first searched after 
and discovered on account of their very marked spectra having been 
seen by the spectroscope. 

557. Spectrum Chart. — In using the chart below, the colour of a line 
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in any spectnun may be found by referring to the head of the chart, 
and seeing in which of the bracketted spaces it falls ; above each 
bracket is placed the initial letter of the n,ame of the colour: the 
colours run from left to right in the following order : — Red, Orange 
Yellow, Green, Blue, Indigo, Violet. 

The chart is a reduction from Bunsen's map : the relative position 
of the lines is given correctly : those in each spectrum which are most 
stiiking or characteristic are made thicker than the rest, and are denoted 
by Greek letters in the order of their relative importance. Many of 
the thin lines will not be seen by means of a small pocket spectroscope. 

R, 0. Y G. B. J. V. 



K. 



Na. 



Ba. 



Sn 



Ca. 



Cs. 



Rh. 



Li. 



Tl, 



In. 



Bf 





1 


a 


to* 


fi' 


1 






T 

1 
1 
1 
1 


1 


£ 


y dOLfi. 




1! 


1 


A7- * 




6 


II 


1 


(K. 


A 




I 

1 

1 
f 






y 
< 




/3.<x. 


1 ! 






by ^ 




>e* 


1 1 




oc ^ 


1 
1 

1 

1 
1 




<x 


1 
1 
1 

1 






<x ^ 


1 
1 









* This spectrum is seen when boric acid or a borate is fused with a 
little Na^COg on a loop of platinum wire, and the flame coloration ob- 
tained from this bead is examined. 
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558. LIST OF CHEMICAL ELEMENTS, WITH THEIR 
SYMBOLS AND ATOMIC WEIGHTS. 

XoU, — The words in brackets are the Latin names of the elements 
from which the symbols have been derived. 



Nam*. 


Symbol 


Atomic 
Weight. 


Name. 


Symbol 


Atomic 
Weight. 


Almniniam 


Al 


27-6 


Molybdenum . 


Mo 


96 


Antimony (stihinm) 


Sb 


122 


Nidcel . 


Ni 


59 


Anenicum 


As 


75 


Niobium 


Nb 


94 


Barlmn 


Ba 


187 


Nitrogen 


N 


14 


Bismnth 


Bi 


210 


Osmium 


Os 


199 


Boron 


B 


11 


Oxygen 





16 


Bromine 


Br 


80 


Palladium 


Pd 


106 


Cadmimn 


Cd 


112 


Phoq[>horu8 . 


P 


SI 


Cnaiom 


Cs 


188 


Platinum 


Pt 


197 


Caldam 


Ca 


40 


Potassium (kalinm) 


K 


39 


Carbon . 


C 


12 


Rhodium 


Ro 


104 


Cerium . 


Ce 


92 


Rubidium 


Rb 


85 


Clilorine 


CI 


85*5 


Ruthenium . 


Ru 


104 


Chromium 


Cr 


62-6 


Selenium 


Se 


79-5 


Cobalt , 


Co 


ft9 


Silicon . 


Si 


38 


Copper (cnpruD) . 


Cu 


68-6 


Silver (argentum) . 


Ag 


108 


Didymiom . 


D 


96 


Sodium (natrium) . 


Na 


23 


Erbium . • 


E 


112 




Sr 


87-5 


Fluorine 


F 


19 


Sulphur 


S 


33 


Gludnum 


G 


9-6 


Tantalum 


Ta 


183 


Grold (aumm) 


Au 


197 


Tellurium 


Te 


129 


Hydrogen 


H 


1 


Thallium 


Tl 


204 


Indium . 


In 


118*4 


Thorinnm 


Th 


238 


Iodine . 


1 


127 


Tin (stannnm) 


Sn 


118 


Iridium 


Ir 


197 


Titanium 


Ti 


50 


Iron (fermm) 


Fe 


56 


Tungsten (wolfra- 1 
mium) . ) 


W 


184 


Lanthanum . 


La 


92 


f » 


^\*» 


Lead (plumbum) . 


Pb 


207 


Uranium 


u 


120 


lithium 


L 


7 


Vanadium 


V 


51 


Magnesium . 


Mg 


24 


Yttrium . • 


T 


63 


Manganese 


Mn 


55 


Zinc 


Zn 


65 


Mercury (hydrar- ) 
gyrmn) ) 


Hg 


200 


Zirconium 


Zr 


89 




, 








669. THERMOMETRIC SCALES. 

There are two different thermometric scales in use in this country, 
the Centigrade and Fahrenheit; the former of these is rapidly 
becoming universal for scientific purposes. The two scales are mutu- 
ally convertible by the following foi-mulaj, in which F.° represents % 
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temperature on the Fahrenheit scale, C.° a temperature on the Centi- 
grade scale : — 

f(F.*' - 32) - C) 

i C.*' + 32 - F.M 
The temperatures occasionally referred to in this treatise are given 
on the Centigrade scale. 
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560. The corresponding values of the French and English weights 
and measures are here given ; the use of the French or decimal system 
is strongly recommended by its extreme simplicity, since the smidler 
denominations are obtained by taking a tenth, hundredth, thousandth, 
&c., of the unit chosen, and are designated by the Latin prefixes deci-, 
centi-, milli-, &c., whilst the higher denominations are 10 times, 
100 tunes, 1000, &c. times the unit, and are named by the Greek pre- 
fixes deca-, hecto-, kilo-, &c. ; examples of this will be found in the 
tables given below. 

561. The starting-point of the French system is the " metre ^' 
(-39-87 inches); this is the **unit of length." The "unit of 
measure** is the "litre,*' which is one cubic decimetre : the ** unit of 
weight " is the gramme*, which is the weight of 1 cubic centimetre of 
distilled water at 4"* C. 

The chief conveniencies arising from the use of this system are : — 

1st. That all the different denominations can be written as one, 
since they are either multiples by ten or are decimal fractions of the 
unit. Thus 5 decagrams, 8 grams, 4 decigrams, 8 milligrams, would 
be written 53*408 grams. 

2nd. That since 1 cubic centimetre of water at 4** C. weighs 1 gram 
we may obtain the weight of water to be used from the measure by 
simply converting the measure into cubic centimetres, the number 
thus obtained will represent at once the corresponding weight of water 
in grams. Of course this conversion is strictly accui'ate only when the 
water is measured at 4** C. , but for ordinary purposes the error intro- 
duced when the water is at the temperature of the air is too smtdl 
to be of any importance in the preparation of solutions. 

The weights and measures most frequently used for chemical pur- 
poses are the gram, the millimetre,? the litre, and the cubic 
centimetret which is ytVir of & liti*^* 



MEASURES OF LENGTH. 



ENGLISH. 





metre. 


inches. 


fMilUmetre = 


0-001 = 


-03987 = 


Centimetre = 


001 = 


•89871 = 


Decimetre = 


0-1 = 


8-98708 = 


Metre = 


1-0 = 


89-87079 = 


Decametre = 


100 = 


898-70790 = 


Hectometre = 


100-0 = 


8987-07900 = 


Kilometre = 


1000-0 = 


89370-79000 = 


Myriometre = 


10000-0 = 


898707-90000 = 



mile, furlong, yards. 



6 

1 Inch = -0264 metre. 
1 foot = -8048 „ 



4 
1 



10 
109 
213 
156 



feet, inches. 
•03987 
-89871 
8-9871 
8 8-871 
2 9-7 
1 1 
4 10-2 
6 



* Frequently written **gram" 
t Usually written (m.m.). 



in English, for the sake of brevity. 

X Usually abbreriated to (c.c.) 
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[561. 



MEASURES OF CAPACITY. 
1 litre = 4 cubic dedmetre. 







litre. 


cubic inches. 


pints. 


Millilitxe, or 

Cnbic centimetre(cc.) 


) 


•001 


= -06108 


= 0-00176 


Centilitre 




•01 


= •61027 


= 0-01761 


Decilitre 


=: 


•1 


= 6-1027 


= 0-17608 


Litre 


=: 


1-0 


= 61-027 


= 1-76077 


Decalitre 


^ 


10-0 


= 610-27 


= 17-60778 


Hectolitre 


= 


1000 


= 6102-7 


= 17607734 


Kilolitre 


=r 


1000-0 


= 61027-0 


= 1760-77841 


Myriolitre 


:= 


10000-0 


= 610270-0 


= 17607-73414 



1 cubic inch = -01639 litre. 
1 cubic foot = 28-81631 litres. 
1 gallon = 4-54336 „ 



MEASURES OF WEIGHT. 



1 gram = the weight of 1 cubic centimetre (c.c.) of water at 4° C. 





grams. 


grains. 


Avoirdupois. 


Milligram 


= -001 


= 0-01643 






Centigram 


= -01 


= 0-16432 






Decigram 


= -1 


= 1-64823 






Gram 


= 1-0 


= 16-48236 


lbs. 


oz. drms 


Decagram 


= 100 


= 164-32349 


= 


6-65 


Hectogram 


= 100-0 


= 1648-23488 


= 


3 8-6 


Kilogram 


= 1000-0 


= 16482-84880 


= 2 


3 5 


Hyriogram 


= 10000-0 

1 grain 

1 oz. (Troy) 

1 lb. (Avoirdi 


= 164323-48800 

= 0-0649 gram. 
= 31-1036 grams, 
ipois) = 463-693 „ 


= 22 


1 2 



ENGLISH WEIGHTS AND MEASURES. 
Apothecaries Weight. Avoirdupois Weight. 



lb. 


oz. 


drms. 


scruples. 


grains. 


lb. 


oz. 




drms. 




grains. 


1 = 


12 


= 96 


- 288 - 


6760 


1 


= 16 


:= 


266 


^s 


7000 




1 


= 8 


= 24 = 


480 




1 


= 


16 


=: 


437-6 






1 


1 = 


60 
20 








1 




27-343 



gallon. 
1 



Imperial Measure. 



pints. 
8 
1 



1 gal on 
1 fluid ounce 



1 gallon = 
1 fluid ounce = 



fluid oz. 
160 
20 
1 



fluid drms. 
1280 
160 
8 



= -^ pint = 



70,000 grains of water at 16-7* C 
437-6 



>« 



277-280 cubic inches. 
1-733 



INDEX. 
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A CID, test for an 

•radicles, detection of, in simple substances 
detection of, in complex substances 
reactions of 
Acids, removal from clothes 
Acetates, reactions of 
Acetic acid 
Alkaline reaction 
Alloys 

Aluminium, reactions of 
Ammonia gas, preparation of 
„ properties of 
„ tests for . 
Ammonium, reactions of . 
Analysis, course of 

introduction to 
of a simple liquid 
„ solid 

a complex liquid 

,, solid 
an alkaline liquid 
cyanogen compounds 
insoluble substances 
metallic substances 
silicates 
substances for . 
Analytical classification . 

„ ,, table of 

„ groups 
,, reactions 
Antimony, reactions of . 
Apparatus, list of students' 
„ list of general 

„ cleaning of 

Arsenic group . 

,, separation and detection of 
table of differences 



»> 
)} 
}> 
ft 

99 
$i 

99 
}> 
*} 



99 
9$ 



>} 



PAGB 
58 

178, 185 
222, 241 
129 
21 
166 
166 
58 
258 
87 
18 
19 
20 
76 
62 
64 
176 
170 
213 
214 
180, 226 
. 269 
195, 263 
194, 258 
268 
821 
65 
168 
66 
73, 129 
118 
281 
284 
36 
110 
122 
122 
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INDENT. 



Arsenic group, table for analysis . 

„ reactions of 
Atomic weights, list of . 



>» 



)) 



»> 



ti 



a 



it 




"DARIUM group 

separation and detection 
table of differences 
table for analysis 

Barium, reactions of 

Bending glass tube 

Beryllium, detection in analysis 
,, reactions of 

Bismuth, reactions of 

Blowpipe, use of . 

Borates, reactions of 

Borax bead 

Boric acid, reactions of 

Boring corks 

Bromides, reactions of 

Bunsen burner 



pADMIUM, reactions of 

Csesium, detection in analysis 
Csesium, reactions of 
Calcium, reactions of 

,, sulphate, preparation of 
Carbon dioxide, preparation of . 

from combustion 
from respiration 
properties of 
tests for 
in the air 
Carbon monoxide, preparation of 

properties of 
tests for 
Carbonates, reactions of . 
Carbonic acid, reactions of 
Centigrade scale . 
Charcoal, wood . 

„ combustion in oxygen 
,y ignition on 
Chemicals, list for Section I. 

Chlorates, reactions of 



}* 
9* 
$f 
it 



f> 



it 



it 
it 
it 
it 
it 



ti 
tt 
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PAOB 

183, 233 
. Ill 
. 342 

. 83 

86 

. 85 

185, 236 

. 83 

. 31 

335, 336 
. 330 

. 104 

29,51 

. 162 

. 52 

. 153 

. 31 

. 142 

. 27 

. 107 

. 335 

. 332 

. 84 

. 310 

. 13 

. 17 

. 16 
14-16 

. 16 

. 18 

. 21 

. 22 

. 23 

. 131 

. 132 

. 342 

. 320 
8 

. 56 

. 318 

. 819 

. 139 



TSDESL 



s*r 



Chloric acid, reactions of . 
Chloride group, separation and detection of 
Chlorides, reactions of 
Chlorine, preparation and properties of 
,, tests for 
„ water, preparation of 
Chromium, reactions of . 
Chromates, reactions of . 
Classification of metals in groups 

„ „ table of 

Cleaning apparatus 
„ platinum 
Cobalt glass 

„ reactions of 
Combustion in oxygen, of charcoal 

,, ,, phosphorus 

,, ,, sulphur 

Contractions, list of 
Copper group, separation and detection 
,, table of differences 
„ ,, for analysis 
,, reactions of 
Corks 

„ boring of 
Cutting glass tube 
Cyanides^ reactions of 
Cyanogen compounds, analysis of 

"nECANTATION, process of . 
Detection of gold and platinum 



ti 



Differences, table of ; 


Group I. . 




„ II. A. 




„ II.B. 




„ III. A. 




„ III.B. 




„ IV. 




» V. 



Distillation of water 

„ nitric acid . 

Distilled water, tests for . 
Drawing out glass tube . 
Drying precipitates 

"C^LEMENTS, list of chemical . 
Entry in note-book, rules for 



PAOB 

140 
147 
140 
23 
28 
312 
90 
153 
66 
168 
36 
37 
284 
97 
8 
9 
8 
66,70 
107 
108 
183, 232 
105 
320 
81 
30 
159 
269 

46 

261 

127 

108 

122 

91 

98 

85 

79 

24, 291 
25 

25, 315 
31 
47 

342 
68 



348 



INDEX. 





PAGK 


Entry of results, exaniples of . 


199, "273 


Equation, chemicAl .... 


. 69 


Evaporation, process of . 




. [41 


■pAHRENHEIT scAle .... 
Ferricyanides, reactions of . 




. 342 




. 162 


Ferrocyanides, reactions of . . . 




. 161 


Filter paper ..... 




. 320 


Filtration, process of . 




. 43 


Flame colorations .... 




. 54 


Flask, tubulated ..... 




. 290 


Fluorides, reactions of . 




. 156 


Fluosilicates, „ „ . 




. 158 


Fusion, j)roce8s of 




. 51 


GENERAL table for groups 

„ „ detection of rarer elements 


180, 226 


. 344 


Glass tube, bending .... 


. 31 


„ „ cutting .... 


. 30 


,, ,, drawing out . 


. 31 


Gold, reactions of . . , . 


. 128 


„ detection of . . . . . 


231, 262 


,, separation from platinum . . . . 


. 262 


Gram . . . . •. , . 


. 349 


Groups, analytical . . . . . 


66, 168, 169 


Group III., precipitation and analysis of . 189 


-193, 249-267 


„ table for rarer elements 


. 336 
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selection from the very large number of species reputed to be 
of medicinal value, the British Pharmacopoeia has been taken 
as a foundation, aU the plants contained in it being figured. 
To these have been added a large number of others which, 
although not official here, are included in the United States 
Pharmacopoeia or in the Pharmacopoeia of India. This work 
thus serves especially as an illustrated Botanical Guide to the 
British, United States, and Indian Pharmocopoeias, but it 
also includes other species employed in dififerent parts of 
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country. Some others which afiford food substances, of value 
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the letterpress is in keeping with, and worthy of, the plates. — Medical 
Times and Gazette. 
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Medical Jurisprudence, &c., at the London Hospital. With 8 Litho- 
graphic Plates and 116 Wood Engravings. 8vo, 81b. 6d. 



HYGIENE. 

WILSON—A Handbook of Hygiene and Sani- 
tary Science. By George Wilson, M.A., M.D., Medical Officer of 
Health for Mid Warwickshire. Fourth Edition. With Engravings. 
Croivn 8vo, 10s. 6d. 
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'HYQilEKE'-conUnued. 
PABKES.—A Manual of Practical Hygiene. 

By EoxuxD A. Pabkss, H.D., F.B.S. FifthEditum by F. Dx Chauxokt, 
M.D., F.B.8., ProfeMor of Military Hygiene in the Aimy Medical 
ScfaooL WithePlateeandllSEDgraTings. 8vo, 18b. 

By the same Author. 

Public Health : being a Concise Sketch of 

the Sanitary Considerations connected with the Land, with CitieB, 
Yillaget, Houses, and Individuals. Bevised by Wiluax Amms, 
M.D., F.B.S., Professor of Pathology in the Army Medical 
BchooL Crown 8vo, 8s. 6d. 



MATEBIA MEDICA AND THERAPEUTICS. 
BINZ AND SPABKS.^The Elements of Thera- 

pentios: a Clinical Guide to the Action of Medicines. By C. 
Bivz, M.D., Professor of Pharmacology in the University of Bonn. 
Translated from the Fifth German Edition, and Edited with Additions, 
in conformity with the British and American Pharmaoopoeias, by 
Edwabd I. Sparks, M.A., M.B. Oxon., F.B.C.P. Lond. Grown 8vo, 
8s. ed. 

BOYLE AND HABLET.—A Manual of Materia 

Medica and Therapeutics. By J. Forbes Boylb, M.D., F.B.S., for- 
merly Professor of Materia Medica in King's CoUege; and Johk 
Harlrt, M.D., F.B.C.P., Physician to, and Joint Lecturer on Clinical 
Medicine at, St. Thomas's Hospital. Sixth Edition. THth 139 Engrav- 
ings. Crown 8vo, 16s. 

THOBOWGOOD. -^Thc Student's Guide to 

Materia Medica. By John C. Thorowoood, M.D., F.B.C.P., Lecturer 
on Materia Medica at the Middlesex Hospital With Engravings. 
Fcap. 8vo, 6s. 6d. 

WABING.—A Manual of Practical Therapeu- 
tics. By Edward J. Wariko, M.D., F.B.C.P., Betired Surgeon H.M. 
Indian Army. Third Edition. Fcap. 8vo, 12b. 6d. 
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MEDICINE. 
BARCLAY, — A Manual of Medical Diagnosis. 

By A. Whttb Barclay, M.D., F.B.C.P., FhyBioiaa to, and Lecturer on 
Medicine at, St. George's Hospital. Third Edition. Fcap. 8?o, lOs. 6d. 

BARLOW, —Pl Manual of the Practice of 

Medicine. By Hilaro Barlow, M.D., Formerly Senior Physician to 
Guy's Hospital. Second Edition. Fcap. 8vo, 7s. 6d. 

CHARTERIS.— The Student's Guide to the 

Practice of Medicine. By Matthew Chartbbis, M.D., Professor of 
Practice of Medicine, Anderson's Collie ; Physician aod Leoturer on 
Clinical Medicine, Boyal Infirmary, Gla^ow. With Engrayings on 
Copper and Wood. Second Edition. Fcap. 8vo, 68. 6d. 

FENWIGK.— The Student's Guide to Medical 

Diagnosis. By Samuel Fknwick, M.D., F.B.C.P., Physician to the 
London Hoe^ital. Fourth Edition. With 106 Engravings. Fcap. 8?o, 
6s. 6d. 

By the same A uihor. 

The Student's Outlines of Medical Treat- 
ment. Fcap. 8vo, 78. 

/X/iVT.— Clinical Medicine : a Systematic Trea- 
tise on the Diagnosis and Treatment of Disease. By AusTiir Flikt, 
M.D., Professor of the Principles and Practice of Medicine, &o., in 
Bellevue Hospital Medical College. 8?o, 20s. 

By the same A uihor. 

A Manual of Percussion and Auscultation ; 

of the Physical Diagnosis of Diseases of the Lungs and Heart, and 
of Thoracic Aneurism. Post 8vo, 6s. 6d. 

HALL, — Synopsis of the Diseases of the Larynx, 

Lungs, and Heart : comprising Dr. Edwards' Tables on the Examina- 
tion of the Chest. With Alterations and Additions. By F. Ds 
Havilland Hall, M.D.. Assistant-Physician to the Westminster 
Hospital. Boyal Svo, 2s. 6d. 
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MIDWIFEBT. 
BARNES, — Lectures on Obstetric Operations, 

indnding the Treatment of HmmontMgef and tormiiig a Gtdde to the 
ICanagement of Difficult Labour. ByBoBntT Babkss, M.D., 'FJR.C.T. 
Obatetric Fhysioian to, and Lecturer on Diseaeeif of Women, Ac., at St. 
Oeotrge'B Hoepital. Third Edition. With 124 Engravings. Svo, 18b. 



CLAY.— The Complete Handbook of Obstetric 

Snrgery ; or. Short Bolea of Practice in every Emergency, from the 
Bimpleet to the meet formidable Operations connected with the Science 
of Obttetricy. By Cuablss Clat, M.D., late Senior Surgeon to, and 
Lecturer on Midwifery at, St. Mary's Hospital, Manchester. Third 
Edition. With 91 Engravings. Fcap. 8vo, 6s. 6d. 



RAM8B0THAM,— The Principles and Practice 

of Obstetric Medicine and Surgery. By Feavcis H. Bamsbotham, M.D., 
formerly Obstetric Fhysioian to the London Hospital. Fifth Edition. 
Hlustrated with 120 Flates, forming one thick handsome volume. 8vo, 
22s. 



ROBERTS,— The Student's Guide to the Practice 

of Midwifery. By D. Lloyd Bobbbts, M.D., F.B.C.P., Physician to 
St. Mary's Hospital, Manchester. Second Edition. With 96 Engrav- 
ings. Fcap. 8vo, 78. 



SCHROEDER.—A Manual of Midwifery ; includ- 
ing the Pathology of Pr'^;nancy and the Puerperal State. By Kabl 
SoHBOBDBE,M.D., pTofessor of Midwifery in the University of Erlangen. 
Translated by Chables H. Cabtbe, M.D. With Engravings. 8vo, 
128. 6d. 



5F:4 riV:^;.— Obstetric Aphorisms for the Use of 

students commencing Midwifery Practice. By Joseph G. Swayke, 
M.D., Lecturer on Midwifery at the Bristol School of Medicine. Sixth 
Edition. With Engravings. Fcap. 8vo, 8s. 6d. 
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MICBOSCOFT. 

CARPENTER,— The, Microscope and its Revela- 

tionB. By William B. Cabpbvtbb, G.B.» M.D., F.B.S., late B^firtrax 
to the University of London. Fifth Edition. With more than 500 
EngrayingB. Ctovm 8vo, 16s. 

MARSH, — Section-Cutting: a Practical Guide 

to the Preparation and Mounting of Sections for the Microsoope, special 
prominence being given to the subject of Animal Sections. By Dr. 
Sylvbstbb Mabsh. With Engravings. Fcap. 8vo, 2s. 6d. 

MARTIN. — A Manual of Microscopic Mounting. 

By John H. Mabtin, Member of the Society of Public Analysts, &o. 
Second Edition. With several Plates and 144 Engravings. 8vo, 7s. 6d. 

WYTHE.— The Microscopist : a Manual of 

Microscopy and Ck>mpendium of the Microscopic Sciences, Micro- 
Mineralogy, Mioro-Ghemistry, Biology, Histology, and Pathological 
Histology. By J. H. Wvthb, A.M., M.D., Professor of Microscopy and 
Biology in the San Francisco Medical Ck>llege. Third, Edition. With 
206 Illustrations. Boyal 8vo, 18e. 



OFHTHAIiMOLOGY. 

HIGGENS.— Hints on Ophthalmic Out- Patient 

Practice. By Chablbs Higgexs, F.B.C.S., Ophthalmic Assistant-Sur- 
geon to, and Lecturer on Ophthalmology at, Guy's Hospital. Second 
Edition. Fcap. 8vo, 8s. 

JONES, — A Manual of the Principles and 

Practice of Ophthalmic Medicine and Surgery. By T. Whabton Jokb8» 
F.B.G.8., F.B.S., Ophthalmic Surgeon and Professor of Ophthahnology 
to University Collie Hospital. Third Edition. With 9 Ck>loured 
Plates and 178 Engravings. Fcap. 8vo, 12s. 6d. 

MACNAMARA. — A Manual of the Diseases of 

the Eye. By Chablbs Mackahaba, F.B.G.S., Sui^eon to Westminst^ 
Hospital. Third Edition. With 7 Coloured Plates and 62 Engravings. 
Fcap. 8vo, 12s. 6d. 
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OPHTHALMOLOGY— con^nt^ec/. 
NETTLESHIP.—Tht Student's Guide to Diseases 

of the Eye. By Edward Nkttueship, F.B.G.B., Ophthalmic SmfTeon 
to, and Leotorer on Ophthalmic Smigery at, St. Thomas's Hospital. 
With 48 Engravings. Fcap. 8vo, 78. ed. 

WELLS. -A Treatise on the Diseases of the 

Eye. By J. Boklbkbo Wills, F.B.C.8., late Ophthalmic Stngeon to 
King's College Hospital, and Professor of Ophthalmology at King's Col- 
lege. With Coloured Plates and Engravings. Third Edition. 8to, S6s. 



PATHOLOGY. 
JONES AND SIEVEKING.—A Manual of Patho- 

logical Anatomy. By C. Haxdfiild Jonbs, M.B., F.B.S., Physician to 
8t. Mary's Hoppital, and Edward H. Sibvekikg, M.D., F.B.C.P., Physi- 
cian to St. Mary's Hospital Second Edition. Edited by J. F. Paths, 
M.B., Assistant-Physician and Lectorer on General Pathology at St. 
Thomas's HospitaL With 195 Engravings. Crown 8vo, 100. 

VIRCHOW. — Post-Mortem Examinations : a 

Description and Explanation of the Method of Performing them, 
with especial reference to Medico-Leg^ Practice. By Professor 
BuDOLPH YiBCHOW, Berlin Charity HospitaL Second Edition, with 
4 Plates. Fcap. 8vo, 8s. 6d. 

WILK8 AND MOXON.—L,GCtures on Pathologi- 
cal Anatomy. By Samusl Wilks, M.D., F.B.S., Physioian to, and 
Lecturer on Medicine at, Guy's Hospital; and Waltbb Mozok, M.D., 
F.B.C.P., Phyridan to, and Lectmrer on Clinical Medicine at, Guy's 
HospitaL Second Edition. With 6 Steel Plates. 8vo, Ifis. 



PSYCHOLOGY. 
BUCKNILL AND TUKE.—Pl Manual of Psycho- 

logical Medicine : containing the Lunacy Laws, Nosology, 2Btiology, 
Statistics, Description, Diagnosis, Pathcdogy, and Treatment of Insani^, 
with an Appendix of Cases. By Johk C. Bqcknill, M.D., F.B.S., 
and D. Hack Tuke, M.D., F.B.C.P. Fourth Edition, with 18 Plates 
(80 Figures). 8vo, 26s. 
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PHYSIOLOGY. 

a^^Pj&iV^T^i?.— Principles of Human Physio- 
logy. With 8 Steel Plates and 871 Engravings. By William B. 
Cabpentbb, C.B., M.D., F.B.8., late B^iistrar to the University of 
London. Eighth Edition. Edited by Mr. Henry Power. 8vo, 81b. 6d. 

By the same A uthor. 

A Manual of Physiology. W^ith upwards 

of 260 Blostrations. Fifth Edition. Edited by P. H. Ptb-Smith, 
M.D.,F.B.C.P. Crown 8vo. [In the press. 

DALTON. — A Treatise on Human Physiology : 

designed for the use of Students and Practitionera of Medicine. By 
Jouv C. Daltox, M.D.y Professor of Physiology and Hygiene in the 
College of Physidans and Surgeons, New York. Sixth Edition. With 
816 Engravings. Boyal 8vo, 20b. 

FREY.—Th^ Histology and Histo-Chemistry of 

Man. A Treatise on the Elements of Composition and Structure of the 
Human Body. By Hkikbich Fbey, Professor of Medicine in Zurich. 
Translated from the Fourth German Edition, by Abthur E. Baskeb, 
Assistant-Surgeon to the University Collie Hospital With 608 
Engravings. 8vo, 21s. 

FULTON,— Pl Text-Book of Physiology, includ- 
ing Histology. By J. Fulton, M.D., Professor of Physiology and 
Sanitary Science in Trinity Medical College, Toronto ; Surgeon to the 
Toronto General Hospital. Second Edition, with 161 Engraviugs. 
8vo, 16s. 

RUTHERFORD.— 0\xt\in^s of Practical Histo- 
logy. By William Buthkkfobd, M.D., F.B.S., Professor of the Insti- 
tutes of Medicine in the University of Edinburgh ; Examiner in 
Phjrsiology in the University of London. Second Edition. With 63 
Engravings. Crown Svo (wi^ additional leaves for Notes), 6s. 

SANDERSON,— HdLTidbooVi for the Physiological 

Laboratory : containing an Exposition of the fundamental facts of the 
Science, with explicit Directions for their demonstration. By J. Bubdos 
Sandebsok, M.D., F.B.S., Professor and Superintendent of the Brown 
Listitution; E. Klein, M.D., F.B.S., AssiBtant-Professor in the Brown 
Institution ; Michael Fostbb, M.D., . F.B.S., Prselector of Physiology 
at Trinity College, Cambridge ; andT. Laudsb Bbukton, M.D., F.B.8., 
Lecturer on Materia Medica at St. Bartholomew's Hospital Medical 
College. S Vols., with 128 Plates. Svo, 248. 
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SUBGEBY. 
BRYANT. --A Manual for the Practice of 

S ur gery. By Thomas BmTAxr, FJR.C.S., Sutgeon to, fmd Ijectaiet on 
Surgery at, Guy's Hospital. Third Edition. With 672 BngiaTings 
(nearly all origioal, many being coloured). S yds. Crown Svo, 28b. 

BULLAMY.— The Student's Guide to Surgical 

Anatomy; a Text- Book for the Pass KraTnination By Edwabd 
Bbllakt, F.B.C.8., Surgeon to, Lecturer on Anatomy and formerly 
Teacher of Operative Surgery in, Charing Gross HoapitaL With 76 
Engravings. Foap. 8vo, 7s. 

CLARK AND WAGSTAFFE. — Outlines of 

Surgery and Surgical Pathology. By F. Ls Gbob Ci^bk, F.B.C.8., 
F.B.S., Consulting Surgeon to St. Thomas's and the Great Northern 
Hospitals. Second Edition. Bevised and expanded by the Author, 
assisted by W. W. Wagstafvb, F.B.C.S., Assistant-Surgeon to St. 
Thomas's Hospital. 8vo, 10s. 8d. 

BRUITT.— The Surgeon's Vade-Mecum ; a 

Manual of Modem Surgery. By Bobkbt Dbuitt, F.B.G.S. Eleventh 
Edition. With 869 Engravings. Fcap. 8vo, 14s. 

FERGUSSON—A System of Practical Surgery. 

By Sir William Fbbousson, Bart., F.B.C.S., F.B.8., late Surgeon and 
Professor of Clinical Surgery to King's College Hospital. With 463 
Engravings. Fifth Edition. 8vo, 21s. 

HEATH. — A Manual of Minor Surgery and 

Bandaging, for the use of House-Surgeons, Dressers, and Junior Practi- 
tioners. By Chbistophbb Heath, F.B.C.S., Holme Professor of Clinical 
Surgery in University CoU^^e and Surgeon to fhe Hospital. Sixth 
Edition. With 116 Engravings. Fcap. 8vo. [yearly ready. 

By the same A uihor. 

A Course of Operative Surgery: vvith 

Twenty Plates drawn from Nature by M. LfivaiLL^, and Coloured 
by hand under his direction. Large 8vo, 40s. 

V ALSO, 

The Student's Guide to Surgical Diag- 
nosis. Fcap. 8vo, 6s. 6d. 



NEW BURLINGTON STREET. 

14 



J, Sf A, ChurchilVs Medical Class Books. 



STJBQ-EBY — continued. 
MAUNDEB.—Optrativt Surgery. By Charles 

F. Maundbb, F.B.C.S., late Siu^feon to, and Lecturer on Sni^gery at, 
the London Hospital. Second Edition. With 164 Engravings. Pose 
8vo, 68. 

FIREIK—Tht Principles and Practice of 

Surgery. By Williah Pibbib, F.B.S.E., ProfesRor of Surgery in the 
University of Aberdeen. Third Edition. With 490 Engravings. 8vo, 28e. 



TBRMINOLOaY. 
DUNGLISON, — Medical Lexicon : a Dictionary 

of Medical Science, containing a concise Explanation of its various 
Subjects and Terms, veith Accentuation, Etymology, Synonymes, Ac. 
By BoBLEY DuNOLisoN, M.D. New Edition, thoroughly revised by 
EiCHABD J. DuNOLisoK, M.D. Boyal 8vo, 28s. 

MATNE, — A Medical Vocabulary: being an 

Explanation of all Terms and Phrases used in the various Depart- 
ments of Medical Science and Practice, g^i'^uig their Derivation, Meaning, 
Application, and Pronunciation. By Eobebt G. Matne, M.D., LL.D., 
and John Mayne, M.D., L.B.C.S.E. Fourth Edition. Fcap. 8vo, 10s. 



WOMEN, DISEASES OF. 
BARNES,— Pl Clinical History of the Medical 

and Surgical Diseases of Women. By Bobbbt Babnbs, M.D., F.B.C.P., 
Obstetric Physician to, and Lecturer on Diseases of Women, &c., at, St. 
Geoi^e's Hospital. Second Edition. With ISl Engravings. 8vo, 28s. 

DUNCAN,— QXinicQl Lectures on the Diseases 

of Women. By J. Matthews Duncan, M.D., Obstetric Physician to 
St. Bartholomew's Hospital. 8vo, 8s. 

EMMET. — Th^ Principles and Practice of 

Gynaecology. By Thomas Addis Emmet, MD., Surgeon to the 
Woman's Hospital of the State of New York. With 130 Engravings. 
Royal 8vo, 21s. 
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WOMEN, DISEASES OT— continued . 
GALABiy,— The Student's Guide to the Dis- 

MM-^ of Women. Bj Altrid L. Oaz.ab». IC.D.. F.R.C.P., AuMar: 
OTjfttHric Fhyndan and Joint Leetmer on Obatetrie iff<x^i/»iw*> to (hij'» 
Honpital. With63£ngTmviDgB. Feap. 8ro, 7t. 6d. 

iSJ// r//.— Practical Gynaecology: a Handbook 

of th« DiKaim of Women. Bj Hetwood Smith, H.D., Fh7»idan to 
the Hospital for Women, and to the Britiih lipag-in TTn«pif I With 
EngrmTingB. Crown 8to, 6f. 0d. 

WJ'JST AND DUNCAN.— L,tct\irts on the Dis- 

raM8 of Women. By Charlbs West, M.D., F.B.C.P. Foaith 
Edition. Beriied and in part re-written by the Author, with numerans 
additionM, by J. Matthews Duxcav, M.D., Obstetric Phyndan to St. 
Bartholomew's HoipitaL 8vo, 16e. 



ZOOLOGY. 
BRADLEY, — Manual of Comparative Anatomy 

and llo-nology. By S. Mbsbbxobb Bradley, F.B.C.S., Lecturer <m 
Practical Surgery in Owen's CcXLege, Manchester. Third Edition. 
With Gl Engravings. Post Svo, 6s. 6d. 

CIIAUVEAU AND FLEMING.— The Compara- 

tive Anatomy of the Domesticated Animals. By A. Chauteau, 
Prf>femor at the Lyons Veterinary School ; and Gborox Flexixo, 
Veterinary Suzgeon, Boyal I^gineers. T^th 460 Engravings. 8vo, 
8lB. 6d. 

HUXLEY. — Manual of the Anatomy of Inverte- 

braU*d Animals. By Thomas H. Hcxley, LL.D., F.B.S. With 166 
Efigra^-ings. Fcap. 8vo, 16s. 

By the same A uihor. 

Manual of the Anatomy of Vertebrated 

Animals. With 110 Engravings. Poet 8vo, ISb. 

WILSON.— TYit Student's Guide to Zoology: 

a Mi^nnftl of the Principles of Zoological Science. By Axbbbw Wilbox, 
Lecturer on Natural History, Edinburgh. With Engravings. Fcap. 
8vo, 6s. 6d. 
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